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FOREWORD

The purpose o this study is to explore for the Ar Force the impact which advances in technology
are apt to have on information systems, and to concepualize the nature of future electronic libraries and
information centers which will operate as part of vat regional information networks,

Since Vannevar Bush first articulated the information problem in 1945,1 there has been a steady
increase in the notion that, because of improvements in communication technology, we may someday
witness important changes in the way man records and utilizes infomation. Inormation is the basic
ingredient of decision-making. As the world grows more complex the situations for decision-making ae in-
tensified, and the need for highly efficient infomation systems correspondingly increase& This theme is
as true in the Air Force-faced with the operation of large-scale command and control information sys-
tems-as it is in industry, where the thrust is toward optimizing the rate of technological progress by
avoiding duplicatimon research and captalizing on the findings of oihers.

An intense interest in the information problem has been shown by the highest level policy makers
in the United States Government, and today the awareness that information is a vital national resource
is an accepted and established fact. The notion of a national information network is not new. Julius N.
Calm, Director, Scientific PResearch Project, Senate Committee on Government Operations, in a talk given
at American University in 1962,2 stated the national intest as follows:

A syem of information systems is required because information is a national re-
soure The resource can be maximized only if it can be made more than a jumble of fmg-
ments. Inforimation must be asmmbled for the good of the Republic...

He went on to provide a picture of a national information network in the following terms:
As a substitute for the concept of a "system of system" some observers have sug-

gested different analogies. Some have used the concept of an "Information Network. It
would consist of a series of "tations," each of which would serve a particular audience, but
which would transmit over the equivalent of "coaxial lines' or "microwave," the best of
centrally prepared material as well.

Still other observers have used the concept of a "central information switchboaz4d,
such as serves independent telephone companies or a "grid" such as electric utilities pro-
vide, Weedlng" power from one location to another at times of peak loads.

Whatever the analogy, an urge for "togetherness" can be observed, a will to explore
the possibility of common answers to common problems.

IVmnmv huih, "As We May Th71k," Admo* Mosd*,, LM (Ausust 1945), 101-108.
2 lusw N. Chu, "A S m d s s."jei. Papaw pmented at the Fouth Amdm Unfrivssity Insdtua for Infoma-

tim Atdvul, Waddausti, D.C(, amury 12, 1962.
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ioe w,4na. nntract awarded to the American Libary Asodation (ALA) by the Rome Air De-
veopsent Center called toc t icd development of a highly visionary concept of the electronic
information center as it would appear in 2W', ,.D. The vision could be extended to a world-wide network
- optical speed computers transmitting instantanous information in any fow and in any languag to
•.1y requesting user of the system. Having received this contract from the Air Force, the ALA attempted
to develop the rules which will govern the eventual behavior and appearance of such a system. This
preparatory work, as well as early technological investigations, indicated that the dynamic Pace of present- I
day scientific and engineering accomplishments would permit the foundations of the concept to be laid
today. Many of the aspects, including all of the fundamentals, of the over-all concept are available now,
or will be operational within the next five to ten years rather than in 100 years as was firt imagined.
Therefore, the contract requirement was modified to encourage the ALA to think in terms of actual sys-
tems for the nrar future.

The concept, which can be described and Implemented today, is a national network of regional
and local electronic information centers. The future domain of such a system will extend beyond inter-
:.jonal boundaries along guidelines compatible with those established for the present-day system. In
effect,. we will describe the basic character of the information network, with allowances left for added depth
of information-handling and the increased expanse of communication.

Immumso o, UIBRARY-zl

Most of the notions contained in this report were inspired by exhibit planning for the Ameri-
can Library Association's LIBRARY-21 at the Seattle World's Fair. (See Section I.) This led Associa-
tion members to the conclusion that the profession would benefit gready by undertaking an additional
study directed toward better understanding of the probable implications and character of tomorrow's in-
formation facilities. In doing this study, the ALAs objective was to focus attention on the cultural and
national importance of making the fullest use of recorded knowledge and historical accomplishment.

This report reflects the experience and combined views of the LIBRARY-21 research-project staff,
as well as the professional opinions of the LIBRARY-21 Advisory Committee whose membership was
drawn from both the library and data-processing professions. It describes the implications of applying all
facets of new technology to library functions and forecasts an entirely different system of information
communication in the future. It takes into account the full range and potential of modem technology-
communications, electronic files, mechanical translation, data handling techniques, programmed learning
devices, etc.

LIBRARY-21 was first envisioned in a feasibility study prepared by Joseph Becker for the ALA
under a grant from the Council on Library Resources (CLR). The Council, created by the Ford Founda-
tion, is the principal agent which furthers research and investigation in the areas of information retrieval
and hibrary technology. Many of the Ideas in this report reflect the results of CLR reseA programs
The ALA wishes to acknowledge the Council's important role in the creation of LIBRARY-21 and in
accelerating technological interest in the library world.

The American Library Association also is grateful to the U.S. Air Force for making it possible to study
an important professional area and to publish Its findings. We believe the report represents another step
forward in the search for more fruitful ways and means to strngthen and improve our national informa-
tion resources. Since the problems of storing and retrieving information are interdisciplinary, we believe
the study will be of value to librarians, educators, engineers, data-processing manufacturers, documental-
ists. and to those in the U.S. Air Force who are engaged in handling information. We further hope that
or conceptualization of the electronic information network in tomorrows complex society will assist all to
gain a clearer picture of long-range gols, thus enabling them to accelerate toward common objectives.
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BRARY-21

Kirby Payne National Agricultural Library, Washington, D.C.

Charles Gocpcl Mitre Corporation, Boston, Massachusetts

Editor
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ABSTRACT

This report describes the environmental framework for an electronic information of the future and
forecasts a network system of information communication. It is based in par on the experiences gained by
the American Library Association in planning its LIBRARY-21 exhibit at the Seattle World's Fair.

The report is organized into three main sections. The first describes the structure and organization
of ALA's electronic library of the future (LIBRARY-21) and includes a summary of the ideas which went
into its planning. The second introduces the concept of regional information networks and explains the
requirement for such networks and the likely effects of technology on their development. This section
also attempts to provide a realistic suggestion for implementing regional information networks; for pur-
poses of illustration, it describes in some detail how Air Force contractor reports would be treated within
such a design. Section III is a compendium of various applicable systems and equipment which are either
available for use today or can be expected as part of tomorrow's technological development.

Emphasis is given throughout the report to the critical needs of government, industry, and research
groups for improved information systems. Attention is also focused on the personal needs of the indi-
vidual user.
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I. INTRODUCTION

PHYICAL nUocaI oN or LIBRARY-21

During the period 196062, the American Li- rei.rch. It demonstmted new technology adapta-
bray Association planned and installed an exhibit, ble to library processes, making dear that the im-
known as LIBRARY-21, at the 1962 Seattle portance of research and development program in
World's Fair. LIBRARY-21 was co-ponsored by business, industry, and government must not be
the ALA and members of the data-processing and overlooked in the concept of the new library serv-
publishing industries. It was the first integrated ice.
presentation of electronic equipment and scien- The LIBRARY-21 exhibit occupied some 9,000
tific techniques within a public library setting. square feet of ground space in the southeast cor-
LIBRARY-21 was opened to the public on April 21 ner of the Washington State Coliseum at the Se-
and remained on display until October 21, 1962. attle World's Fair. The usable exhibit area was IThe exhibit was visited by 1,800,000 people. approximately 6,000 square feet, surrounded by

Essentially, the purpose of LIBRARY-21 was to shallow pools of water. The entire exhibit was de-
provide the public with an entirely new and dy- signed by Vance Jonson of Los Angeles; the archi-
namic educational experience. Various forms of tectural firm was Daniel, Mann, Johnson, and
mechanization and electronics conveyed to visitors Mendenhall, also of Los Angeles.
that the newer educationWl media, sucis as film, The physical exhibit was designed to provide an
microforms, television, and various audio devices educational experience for the general public and
are related to communication received through the staff, an experience in which the Fair visitor might
printed pages of a book, periodical, document, or participate either actively or vicariously. Two cir-
ephemeral near-print source. The exhibit contained cular exhibit areas, each 60 feet in diameter and
the latest forms of library service and design, with each surrounded by plexiglass or wood walls six
particular emphasis on data processing, information feet high, were connected by a linear walkway.
storage and retrieval, and advanced means of com- The pools around the exhibit symbolized man's exo-
municating information in graphic or recorded dus from one continent to another. A concrete
form. walkway, 42 feet long, provided the approach to
I LIBRARY-21 demonstrated typical library re- the exhibit's main entrance.

sources and services, with particular emphasis on Alongside the entrance walkway, a symbolic dis-
personal service to the individual. It stressed the play of the development of communications was
value of interlibrary communication and coopera- presented in a series of transparent plastic spheres
tion and attempted in a sensible and realistic man- arranged in geometricaly increasing numbers. Spon-
ner to integrate machines into an environment of sored by the International Business Machines Coin-
books. It demonstrated new equipment, imagina- pany, this exhibit began with the most primitive
tive ideas, and advanced library programs of serv- means of communication, the human mouth and
ice to the general public. It presented the library as ear, and ended with the present-day IBM punched
the community's nerve center that provides an ac- card used in computers. A professional librarian
tive situation for self-education, recreation, and was stationed at the entrance to welcome visitors to



LIBRARY-21 and to explain its various prts. ute facts on 92 nations, ranging from members of
The center and left side of the frit circular ex- the European economic community to the newly

hibit area was occupied by a Solid State 90 Cam emerged African nations were availsle The c-
puter, supplied by the Univoc Division, Sperry gores included: resources populaon, •aea, ian-
Rand Corporion. The central arpeted am pro- gage, imnpor exports, etc.
vided space for a hih-speed printer and desks Aprofesona l a was dutyin thisam
where viitors could ask for hination from the to explain the use of comlute inblraryinfua-
computer. The outer platform amr houed the re- tion storage and technical processes
maining units of the computer. At the right of the main entrance, the E-yclo-

The computer display was deliberately simplified poedia Britmska Vonsored the Ready RAfrence
for the general public. A committee of the Adult Center. This model reference facility was staffed
Services Division, ALA, in cooperation with the by professional reference librarians and supplied
Univac Division of the Sperry Rand Corporation, with some 730 selected reference books by several
p three kinds of information for storage in domestic publishe. The books were selected by a
the computer: "personalized" biographies created committee of librarians working with the Reference
hro a store of 8,400 book titles; quotations from 74 Services Division of ALA. Professional librarians
authors whose work appears in the Great Books of and assistants provided the Fai-goer with an ex-
thme Western World series; and gazetteer informa- ample of the best "quick" reference service. The
don on 92 nations of the free world, supplied by the teak shelves and reference desk were provided by
U.S. Department of Commerce. NorsCo of Ls Angeles, and the Xerox Corporation

Visitors desiring pmenaz bibliographies sup- provided a 914 Copier.
plied the computer with information about them- Beyond the reference center, an adult non-fic-
selves and indicated subjects in which they were tion browsing collection of books was provided for
interested. The subjects available for selection by the Fair visitors, sponsored by the "Great Books
the questoner were: International R~elations, The of the Wester Wordd" of the Emylpei Bri-Current Scene in America, The Past Recaptured, tannim. Approximately 800 selected books were
The Arts, Space Science, and Mental Health. The provided by publise rs. Book jackets were supplied
machine was able a l provide short annotated Bibli- by Demco Ljcewry Supplies. le d loun

ographies on these subjects, keyed to the following furniture was provided by Herman Mille, Inc. In
variables as they characterized the questioners: an especially attractive teak display case, a facsimileAge-l-8 years, 9-12 years, 13-19 years, and adult; copy of the Gutenberg Bible was shown, loaned by
Male or Female; Pturpse-infonzation or recre- Bowdoin 4e.lion; Readality - elementary, medium, and ad- Ile special needs of students at the scndary
vanced; and Education-elgh school or e olleae. level wets the concern of the Lnt ing Rat esoces

Even more ecatin the i on puteo provided vis- Cenvel which occupied rne-half te the sani nd cRr-
itors with an opportunity to "converse" with the culer display cac Spoed ored by the U.S. onldce
great minds an the Western world. By seogrwit g ot Education through a contsret with the UniveS -
the computer with portio d of G Books of the sity of Wathintron, the display included a model
Western World series und rerth B of tte o r ty of hio individual study. Equidmeot
tiWter Adler, it was possible to receive printed such as cled-firuit televidion, teleudyn. e aui

quotations from Plato, Chaucer, St. Thomas Aquin- tutor, and dual-channel tape desk were shown as
as, Cervantes, Milton, John Stuart Mill, Kant, special supplements to the normal study materials
and Henry James, to mention only some of the used by individual high school students. Nearby,
74 authors Some of the subjects stored for con- additional eip nt such as a Memo-tutor, mkro-ve7atiorsm and selected for inousion by means of dio r nm -pqin , phmeon ph, a Speed Read-

the Syntopcon were Man, Family,. Punishment, er, Flash-X, electronic painels m nicrocard rader.
and God. The computer also offered a quantity of and microfilm reader were displayed. All of this
gazetteer-type data, prepared in cooperation with equipment, it was suggted, might be made avalla-
the U.S. Department of Commerce. Up-to-the rain- ble in a regional resource center within a school

2
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system. Students would be able to use this special potentiality for using documents which w staed
equipment as needed to supplement normal hook in regional centers but which can b inme-
and library resources pI etly available to thun. stdy a to scholars in . locations by
The exhibit conceptualized the increasing emphasis the use of equipment similar to elvision.
on individual responsibility for learning and the Nearby, the National Cash Regir Company
vast resources that will be available to the student demonstrated its recntly develoe technique
from the center in his school building, or at the called "Photochromic Microimages" by which
district level, as well as from other sources in his printed material can be stored on film plates in
city, state, nation, or countries elsewhere in the linear reduction of 200:1. This novel techniqueworld Specific subject fo displays were language reduces printed matter to micrscopi size and, at
arts, science, social studies, and fine arm. Extensive the ami time, makes it easy to duplicate and dis-
reference materials were available to visito an tribute. The poce of reducing documedtc 200
sources of existing materials and equipment and times and more means that a 400-1ae book can
their uses. be diminished to the size of a posge strmp, but

Duplicate equipment, arranged on teak shelving selected images can be magnified for reading or
supplied by NonCo, permitted the general public duplication.
to manipulate the various items shown in the dis- Below the main exhibit level, the ALA provided
play. A professional librarian was available to ex- a room called the "Children's World." A com-
plain the "quest space" and regional-resource cen- mittee of the Children's Services Division careully
ter concepts and to answer questions relating to selected a collection of foreign and domestic chil-
the use of this kind of equipment. A souvenir micro- dren's books. The books were provided by many
card containing the LIBRARY-21 story and 48 publishers and covered by Bro-Dart Plasti-Kleer
pages of the oficial guidebook of the Seattle Jackets, and displayed on NoCo teak shelv-
World's Fair was provided by the Microcard Corp. ing. Appropriate tables and chairs by Herman-
of West Salem, Wisconsin. Over 135,000 cards Miller, Inc., gave visiting children and adults an
were distributed to exhibit visitors. Electronic oportunity to comfortably inspect and read the
Teaching Laboratories, of Washington, D.C., books. In a small theatre which seated 20 children
served as coordinators of the theme and equipment on stools professional librians told stories, showed
displays; and a wide variety of companies in the special children's movies, or used film-sips The
newer educational-media field assisted in the or- movies were supplied by Encyclopaedia Britannica
ganization of the Learning Resources Center. Films and the National Film Board of Canada. The

The central portion of the seond circular dis- Film strips were from Weston Woods, Inc.
play area was occupied by a circular theatre, 32 From the earliest planning stages of LIBRARY-
feet in diameter, sponsored by the Xerox Corpora- 21, the ALA Advisory Committee believed that the
tion. The theatre involved a specially designed mul- exhibit could be interpreted to the public only
tiple-projector technique to display an eight-minute through the use of professional librarians. This
film entitled "LIBRARY-21," produced by Visual- was especially important in such areas as the Ready
scope, Inc., of New York. During the Fair, 239,000 Reference Center, the Learning ResurM Center
persons viewed the film which presented the his- and the Children's World where the promotion of
torical growth of graphic communication, outlined library use and the interpretation of future develop-
the complexities of the present situation, and sug- ments could be handled best by perasons with pro-
gested the contributions of xerography to the solu- fessional library b grmunds.
tion of the problem The exhibit's professional staff of Ilbrarians ao.

In the remaining portion of the second circular sisted the public in understanding the I ml
display area, the Radio Corpoation of America of the library's use of the new media. The purpose
sponsored a display suggesting a world-wide ern- of this interaction between the public and the Ii-
munication network utilizing atellites for the brarlan was threefold: (1) to provide libhrians
transmission of documens and infrmtion from with an educational experience in a machlne-lbuary
one part of the world to another. It portrayed the enviromuent; (2) to explore professioal at

3



to the introduction of such entirely new concepts brarians were trained on the campus of the Uni-
and (3) to evolve valid criteria far the development versity of Washington; the sixth and last group was
of advanced libary-education micua,. Librarians trained on the Fair ground.. One purpose of the
were selected from 15 states, and one each from training program was to expose professional li-
Mexico (an American citizen), Gemany (U.9. braidans to the comprehensive history and present
Air Force personnel) and Canada (a Canadian citi- state of the computer art, with some exploration of
zen). With one exception, they all had received its potential for library operations. All concerned
degrees from accredited library school, though that this was an important goal to achieve;

The ALA delegated the responsibilities for staff- as a result of it these staff members would return
ing and for conducting the program of education to their communities with an awareness of present
to the School of Librarianship of the University of technology and some willingness to explore its pos-
Washington. This was made possible by a grant sible uses in their own libraries. A second purpose,
from the Ofrice of Education of the Department of less important from the long-ringe point of view,
Health, Education, and Welfare under Title VII was to train the staff for their duties at the exhibit.
of the National Defense Education Act Most of the staff benefited greatly from the train-

The training of the staff was undertaken by Dr. ing course, became realists about automation and
Robert M. Hayes of Los Angeles, who was at- mechanization in libraries, and developed great
tached to the School of Librarianship of the Uni- enthusiasm for promoting such devices in their own
versity of Washington. The first five groups of li- libraries and elsewhere.

ASSUMIMONS ABOUT LIBUARY AUTOMATION

Early Teabuology structural design, air conditioning, humidity and

Librarians have long been interested in tech- dust control, and comfortable furnishings. The
nology. If one scans the pages of professional li- application of operations research techniques also
brary journals published at the turn of the cen- ensures the integration of optimum conditions for
tury, he encounters references to the usefulness work-filow into library architectural design and con-
and value of labor-saving devices in libraries. At struction.
that time, librarians coined the phrase "mechanical Teaching machines and language laboratories are
aids" to describe the gadgets that were first de- characteristic of the newer media which are fast
signed to improve selected processes of book hand- becoming part of the library scene. Many librari-
ling. ans also are anticipating extended use of audio-

We regard early activity in 'library technology" visual material and equipment
as the beginning of the current trend toward auto- With the advent of data-processing equipment,
mation in the field of information processing. At librarians are speculating that machines eventually
first, this activity was focused almost exclusively on may perform information operations which closely
improving methods for the technical processing of resemble those now being performed by humans.
a book as a unit. Today, however, we are inter- Computers are used extensively in government and
ested in extending automation into other areas of industry for process control, business-data-process-
library activity-rrderence service, circulation, cata- ing, and scientific computation; therefore, their
loging, interlibrary communication, etc. eventual application in the areas of information

retrieval and mechanical translation seems more
Modst PISRmi5U than sheer speculation. Investigators and research-

The planners of modern libraries consider and em have already demonstrated through mathemati-
adopt many recent technological advances in order cal modeling that the powerful capabties of a
to make the physical environment of librarie more computer can be directed to ingeniously perform
pleasant and more functional. They have made some information as. Accordingly, members of
remarkable pgres in developing functional light- a variety of discplines are conducting fundamental
in& controlled acoustics, imaginative color schemes, research to improve existing methods of organiz-
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FIGURE 1I Te

View of entire LIBRARY-21 Exhibit. Main entrance at the left of photo.

FIGURE 2
Fjrs{ ciecle exhibit area showing

SpF-rry Rand Univac Solid State 90 Computcr.



FIGURE 3 l, M It

Ready Reference Center, sponsored by Encyclopaedia Britannica.

FIGURE 4

Aim!; i'tcuudriff Aruco, 2.pon~wrA by Gr~erat Sooki% otter W:ir 0rId
a division of EnrycI,-oedio Drilonnico.



FIGURE 5 Photo L~v Mwt-n

Learning Resources Center, sponsored by U.S. Office of Education.

FI GUR E 6 P I K

or "quest" ,;pclc.



FIGURE 7
Learning Resources Center, showing equipment available to public.

1. J

FIGURE 8 L , j

-. ~t TN,-atre. rilm entitled -LIBRARY-21, shown bý,c t.i -proic-do
techniq.ie, v~o. exhibý.ed every 15 minutes durorig fIiv Ju,

rfieotre -iponsior*d b~y the' Nero*Coraa



FIGURE 9 Photo by Morley

Global Library System display sponsored by Radio Corporation of America,
and the Photochromic Micro-images display sponsored by

National Cash Register Company.

FIGURE 10 Photo by Morley

The Children's World, sponsored by the Children's Services Division, ALA.
The foreground shows the reading area, in the distance the small theatre,

and at the left the exit from the maze.
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ing and communicating information. This rearch In this report, the ALA has taken the steadiest

chanical translation, pattern recognition, ardfical tions which can be u framework fo discus-
intelligence, the theory of informatm age and s• and commen, noting the changes anid effects
retrieval, classfication theory, etc. wrought by technology in present library opera-

This widespread int. ýt in reseawk shown by tions, and projecting ideas far into the future. The
many p[ofeNiOls, including the library profemion, assumptions listed below set the background for
is indicative oE the importance and pressing na- the report:
tare of the information problem. Government and 1. The MA" of the Future
industrial research groups are faced with a critical The patron, the man of the future, will have
situation because the rate at which information is greater opportunities to be aware of his culture.
being published is climbing exponentially. As the Men of all nations will be more literate and will
world grows smaller and the requirement to com- thirst for a communication of ideas. In 50 years
municate grows more complex, this situation is in- the now unrecognized culture of today's backward
tensifled. If information is an important national nations will be a commonplace topic.
resource, then the rate of our national growth is 2. The Society of the Future
keyed to our ability to make optimum use of this Continued improvements in transportation and
resource. Hence, library planners are attempting communication will disperse the urban man and,
to keep abreast of scientific techniques and ma- along with him, the interests that he developed
chine automation, continually evaluating them for in a "cosmopolitan" society. The gradual mixing
possible application to the information systems of of societies, nationalities, and pursuits will even-
the future. tuallk lead to an amalgamation of interests. The

Within the past year, large government informa- interests of rural men of the future will be as
tion repositories like the Library of Congress, the broad and varied as they are in any densely popu-
National library of Medicine, the National Aero- lated urban area of today. A rural town in Wiscon-
nautics and Space Administration (NASA), and sin and a suburb of Los Angeles will require the
the Armed Services Technical Information Agency same kind of information resources. T71e need for
(ASTIA) have each taken additional steps toward medical or legal information resources will be

finding automated solutions to the problems of universal.
bibliographical control of information and printed 3. The Library of the Future
materials. The library of the future will encompass every

form of man's knowledge. It will be a continually
Fture Asmempdiom expanding warehouse of both historical and cur-

Any attempt to plan for the future inevitably re- rent information.
quires the forecaster to adopt one of two ap- The library of the future will be constructed on
proaches. Either he must consider future develop- present-day foundations and will probably evolve
ments as extensions of current ones-within the as a combined form of the conventional and s~ecial
context of what he knows and understands-or he library as we know them today. It will reflect
must deliberately overstep the bounds of the real forthcoming sociological and technological changes.
world and try to define a new image. Jules Verne For the most part, the sociological aspects are pre-
successfully did the latter. His predictions came dictable. These will be man's increased appetite for
true, and, with hindsight, we now credit him with knowledge and how he will relate himself to the
a good imagination. Some of his contemporaries, culture that will be available. Advances in tech-

however, were inclined to view his prognostications nology will permit easy and inexpensive communi-
with disbelief and alarm. Although the principle cation with other information facilities.
of electricity, for example, was known before Printed materials will remain basic to all educa-
1862, very few men had conceived and verbalized tional and civilized thought, but new media such
with any degree of certainty those applications of as film, television, audio devices, and data-process-
the principle that exist in 1963. ing and information-retrieval machines, as well as
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advances in communications, will increasingly serve nology, and bionics are but a few of the mes

as complementary information resources. most likely to advance and expand with our na-

4. Research Needs ofth Fu~ tonal growth. Throug vaseon mi and medical
Scisenearch patgrcms, gweathemphasis will be piaed
Science and t ~ohgy within U.S. industry on improving services to man and on eliminating

and throughout the Coverument will continue to hunger, want, and pain. Optimum use of research
expand at geometric rates. Electronics, space tech- resources will become a primary national goal.

LIBRARY-21 wwnawv oonsmmAimors

It was not possible to incorporate into the final directly to the contents of a book of his choice.
exhibit all of the ideas originally conceived by the The book might be stored as signals on a
LIBRARY-21 staff and the Advisory Committee. magnetic tape in cartridge form. A switching
However, it may be useful to describe briefly the system might allow the user automatically to
suppositions and assumptions about an electronic locate the desired cartridge through tactile

information center which were originally intro- means and then play it back over the tele-
duced and which served as guidelines in the evolu- phone circuit; further controls would be regu-
tion of the final form. lated from the user's home. This special serv-

Three areas of conventional library service were ice would be available not only to the blind,
singled out as those most likely to be affected suf- but also to any individual who desired infor-
ficiently by change to make them candidates for mation from the center, provided, of course,
treatment in LIBRARY-21: Special Services, In- that it was stored in audio-recorded form.
formation Services, and Technical Services. Spe- For the deaf, the center will make available
cial Services included the variety of new tech- "video cassettes," which are specially designed
niques which will be introduced to satisfy the par- educational films recorded on video tape, some
ticular needs of special interest groups; Informa- containing verbal information particularly
tion Services included the diverse methods and suited for visual comprehension by the deaf.
techniques of storage and retrieval available for Video cassettes could be borrowed for use at
general-reference use; and Technical Services em- home by plugging them into a television set,
braced the application of equipment to behind-the- or they could be communicated by electrical
scenes library-processing operations. Limited ex- means from the library to the home on a re-
amples are given below for purposes of illustration: quest basis. They, too, could be used by any

other library patron in search of information.
1. Spedal Services b. AnT Amr Music-The techniques de-

a. Tim HArmCDi PD--In the future, blind scribed above certainly indicate the possibility
persons will have more versatile access to re- that art and music could become more widely
corded knowledge. One of the principal media available to the public through improved

to be improved upon is audio recording. The communications between the home and the
blind are now able to "read" books by borrow- library. Through the telephone and the telc-
ing long-playing records from local libraries vision receiver, it will be possible to provide
or buying specially designed record players any of the library's treasures for enjoyment at

for use at homel in the future, they will have home. The very fact that audio and video

"dial-a-book" available to them in an elec- materials lend themselves so readily to the

tronic information center. Just as we get the common communication media enhances the
local weather forecast by dialing a prescribed notion that materials in distant libraries could
number on our home telephone, so it will be be obtained by libraries and switched into the
possible for a blind person to phone his local home of the requester.
electronic informaion center and, with the c. SzL-EnucrTom - In tomorrow's informa.
appropriate machine code, to dial and tune in don complex, opportunities will exist for self-
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learning and individual instruction. libraries historical pictures, and even music of the
today lpovide patrons with access to books, period might be used to help him get the
records, and films; tomnorrow's information feeling of the time and setting of the events.
center will also contain individual 'quest" Ile whole purpose of the individual study
booths equipped with teaching machines, area will be to open up the vast resources of
tape recorders, and micro-projectors. It should knowledge available in and through the elec-

be possible for an individual to study his tronic information center for direct use by the
chosen subject with freedom to select not student on an individual basis.
only book material, but also self-instructional 2. Information Services Area
material. Library stacks undoubtedly will con-
tain forms of information other than the This a wha will be the heart of the advanced
printed form, such as magnetic tapes, film, techniques which will be available in the
audio tapes, video tapes, etc. electronic information center. Through ma-

a Tahes el etronic infatin c r wchine information storage and retrieval, it
The elecronic information center w - wwill supplement and strengthen what we now

llect increasing emphasis on individual re- recognize as conventional library-reference ac-
sponsibility for learning and will probably be tivities. The major function of this area will

tied into the school system through a com- be to provide access to j ormation stored in

munication network. The body of knowledge digital form and available in the same form

in the center will serve as an integral part of for communication to and from remote points.

a pupil's school curriculum and be a source Four possible functions of this area are:

for his self-education as well. A learning re- remote inquiry and automtic catalog search,

sources area within the center will facilitate personalized bibliographies, display of facts
Sthis kind of library-school relationship. and statistics, and machine translation.

Physically, the learning resources area will Remote inquiry and automatic catalog
contain individual study rooms, or "Q-spaces," search will make it possible to answer ques-
containing books and the newer educational tions from remote stations - homes, offices,
booth. Here a student would be able to dial schools, or regional information centers. The
the learning-resources area for his combina- objectives will be to permit an individual to
tion film and master tape lesson. A closed- obtain detailed information about a topic of
circuit television channel would present the interest. A pre-punched card will serve to
wovisual mbeiaca to him, and his audio-receiver identify the requester, and his request could
1 would be activated to begin his practie of be made either in written or oral form. The
pronunciation. He might very well have a printed or video response will contain the cor-
telephone pal instead of a pen pal in France, rect answer and supply the bibliographic ci-
and, working from the booth, could exchange tation. By providing a language key in the
conversations in French and English with his remote input device, the response could be
foreign friend. printed in any language. The main data-proc-

Another example of the use of an indi- easing complex will be centrally located in
vidual study space might be in the prepara- the information center and will be the main
tion of a social studies assignment, let us say source of information for the remote stations.
on a topic like the Civil War. A student could The facility will contain large-scale digital
request from the information-retrieval facility computers with very large random-access me-
a bibliography that would be tailored to his mories. The remote stations will communi-
individual needs and capabilities. At his tele- cate with the computers by microwave or laser
vision screen, he could browse through micro- beams.
film reproductions of various Northern and Remote stations will be operable by any-
Southern newspapers, and make instantane- one, and, consequently, the devices them-
ous reproductions of the passages most peri- selves will be designed to be as foolproof as
nent to his project outline. Background film, the telephone. The computers will respond
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simultaneously to any number of inquiries. ing libraries to carry lar research resources.
Video techniques will be used for catalog re- Besides serving the purpose of compactness,
sadch. Via cosed-cincuit, ultra-fequency tele. thes recording media may be used to store
vision, it will be possible to Nawe through materials of a current or temporary nature.
either card or magnetic-tape catogs and be A microform record would make it unnee-
ursit by their physical location or size. mary for local libraries to store a five-yer ac-
This facet of the center's operations will lean cumulation of ten different newspapers.
most heavily on communication links. With the appearance of more efficient of-

Personalized bibliographies will supple- fice reproduction equipment, libraries in the
mert normal bibliographic information re- future may be able to duplicate their records
corded for reader use; the information center for their clients instead of circulating unique
will record "suitability" information in con- copies for them. The material would be pro-
nection with each item storcd. Requests then vided in the form of film, tape, or an enlarged
can be made to the center's information store, facsimile image.
and, based on the criteria of age, educational b. Documnzrr RaaPooUCrN - For those
background, and language, the computer will publications not falling within the jutiadic-
respond with a bibliography tailored to an tion of copyright regulations, the technical
individual's particular combination of criteria. services area will provide take-home duplica-
The computer's program will compute the tion service. The original information will
requester's suitability score, examine the re- either be carried on bound form on refer-
quest for limitations, and print out copies of ence shelves, in reduced form on film or tape,
pertinent materials, or in digital form in the central computer.

Through display of facts and statistics the Original volumes may be facsimile copies or
center will emphasize information of popular character scanned and printed by high-speed
interest. it is quite likely that the center will printing techniques. Filmed data may be re-
also serve as the community's news center, created back into paper from its microfilm or
Accordingly, it will play a more active role read on a film viewer-with only desired pages
in openly featuring information about current reproduced from the viewing screen. Corn-
events. puter-stored information may be read by

Dynamic visual displays will be an integral printer or by a volatile display and repro-
part of the center. And, based on their own duced as required.
statistical extrapolations or on receipt of more All forms of reproduction will be used by
current data, computer programs will pe- regional information centers. Statisticians and
riodically revise the display information. Vari- operations researchers will assist the technical
ous reporting media will input news informa, services personnel in determining what forms
tion as it happens, together with suitable of storage and reproduction are most appropri-
background in graphic and written form. ate for certain documents. Reproduction tech-

The prospect of machine translation offers niques will facilitate the preservation of valu-
considerable promise for breaking down ]an- able original documents and will allow li-
guage barriers to human communication. The braries to temporarily store information of 4
center will probably retain information in the current value and carry rarely circulated but
language in which it was prepared, but will value resou r y ratedials
automatically translate it into any language
understood by the requester. c. DispAys-Volatile displays will be theprincipal form of communication between a

3. Technical Services local electronic information center and its re-
a. Mro-UrosmA - Microphotography, kal- gional affiliates. These units will be small de-
var tape, and other forms of file condensa- vices installed in information centers, in re-
tion make possible the reduction of secondary search libraries, in medical offices, in govern-
files and archives to minimal size, thus allow- ment establishments, and possibly in certain

13



homes. It will be the ticker tape of the fuiure e. Ibrsu.•uasm cs-The computer of the
with an infinitely vast information resourct•. library system, which will be organized and

The television mnsw-nn techiques of to- maintaied by the technical services person-

day will be replaced by internal chniq ctes - nel, will operate in four modes. The firt of
generating mechanism to eliminate the re- these will be literally a computing machine
s/dua glow of the phosphur on IV-type for those with research problems in inoma-
tubes. Contrast will be sharper, and the ir- tion theory and the hke; the second will be a

ages more readable. A library patron will scan look-up file for patrons with a spefic topical
the file containing these displays and, when- interest who may want a bibliography of cur-
ever he desires, copy the image for his o rent books to read; the third will be a litera-

permanent use. Cathode ray tube displays will ture-searching machine for those who must
be supplemented with film projections, elec- scan the content of all materials for pertinent

troluminescent panels, and ultrasonic cavita- information; and the fourth will be an ana-

don displays as required by the situation. lytic device which will allow an advanced

d. Aurnoonc HANDL= - The automatic patron to converse with the computer on com-
conveyors handling materials at the book plex problems, gradually approaching a solu-convyor handling maeil atie the booki nwes
check-in desk at the library's main entrance don through a series of iterative answers.

are but one part of a vast material-handling The computer will be the mam-information-
network. From the time a book or a docu- storage mechanism of the library for resrch

ment is received, the entire handling se- materials. It will be the switching center for

quence will be controlled but not handled interlibrary communications. It will organize

by library personnel. and control requests coming into the library
from bess reord gional centers, maintain the

New library materials will be checked auto- business records n the library and a current
matically against shipping invoices by mag- inventory of all materials, and will contain
netic tape readers, magnetic film readers, the organization of languages for translations.
mark sensors, character readers, or numeral It will store the learning resources of the
readbsl o e tiete, author, publisher, and teaching machines and be the elctronic nerve
table of contents will be scanned and in- of the regional system.
dexed by central reference or by pre-prepared Practical limitations of time and money pre-
indexing plans. vented ALA from demonstrating all of the

Browsing materials will be placed on shelves ideas expressed above. However, LIBRARY-
in topical sequence. Reference and research 21 did incorporate as many as could reason-
materials will be placed in the library in ran- ably be accommodated. None of the described
dom order. For the latter, patrons will rely devices or techniques is technically infeasible

entirely on automatic card catalogs or com- -all would have been included if the re-
puter look-up files. sources had been available.
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II. CONCEPT OF A NATIONAL
INFORMATION NETWORK

PasmErf LIURAUt K3TWGu5

The i re a inforn elationships, Congress will also provide pod-shfet of forth.
facilities, and services considered for LIBRARY-21 coming cards. Appearing well in advance of actual
and described in Section I ae firmly based upon printed cards, these sheets enable many libaries to
years of manual-operating experience in libraries, select books for acquisition which have been added
Cooperation among libraries, to assure the best use to the library of Congress but may have escaped
of existing facilities and resources, is historical and notice through normal bibliographic channels.
has led to services and network arrangements of Cards for many volumes not actually owned by
fundamental importance to the library of tomorrow. the Library of Congress are included in its card
To the extent that "the past is prologue," we be- service. These represent a cooperative cataloging
lieve it will be helpful to review briefly some of service in which participating institutions provide
these cooperative services and prevailing network cataloging copy. The advantage of this system is
schemes. similar to that outlined above-elimination of un-

Examples at the highest level are found in the necessary duplication of effort. Many of the cards
three great national libraries of the United States printed by the Library of Congress for books in
-the Library of Congress, the National library of other libraries have been acquired through the
Medicine and the National Agricultural Library. Farmington Plan, an ambitious undertaking of a
Relationships between these three, although not as large group of research libraries in this country.
closely defined as would be ideally desired, actually The purpose of the Plan is to insure adequate
provide the major elements of a national library coverage for all the important bibliographic and
system. An extreme oversimplification of their ac- geographic areas of the world. Individual libraries
quisition policies and canons of selection is to say are assigned geographic areas (specific countries
that the National Agricultural Library collects such as Angola, Liberia, or Togo) as well as par-
everything in the field of technical agriculture, the ticular subject areas (mathematics, history of sci-
National Library of Medicine in the field of clini- ence, theatre). Book dealers are designated in each
cal medicine, and the Library of Congress-'every- country covered by the Farmington Plan-actually
thing else', most of the non-Communist world-and it is their

The attempts of this national library system to responsibility to send books to designated libraries
make these resources available through specialized on the basis of assigned areas of responsibility.
services and organizational patterns are reflected in While complete coverage is still to be achieved,
much of tomorrow's planning. steps have been taken toward the goal of having

The Library of Congress, as the one institution one copy of every important book published any-
in the American library world most closely ap- where in the world in some American library.
proximating a national library in the true sense, The National Union Catalog (NUC) main-
embodies many services and facilities of a "net- tained at the Library of Congress is another ex-
work" nature. Its card-distribution service repre- ample of a network in action. While the success
sents a substantial contribution toward relieving of the system relies heavily on the cooperation of
many American libraries of the burden of catalog- the participants, the amount of work incumbent
ing individual books. Sets of cards provided by the on individual institutions is minimal in that it is
Library of Congress are used in many cases for built in with the actual processing of books by li-
both descriptive cataloging-author, title, and im- braries. Libraries send cards for books they have
print-and for subject cataloging and classification added to their own collections to the National
by those libraries employing the Library of Con- Union Catalog, and this information is posted in
gress subject-heading and classification schedules. a master file. The Catalog itself is published pe-As a by-product of this service, the Library of riodically in book form and enables libraries to
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identify locations for wanted materials not in their that Important data have been overlooked in the
own collections. Between publishing of the pranted acquistions lists of such oganizations as the Naval
lists, hazin may request locations of wanted Civil Enajnsering laboratory, the David Taylor
books directly from the NUC. A weekly listing of Model Basin, the Army Cop of Enghiners, the
p y unlocated items is circulted to cooper- many sea libraries nmaintained by the Air Force,
sting libraries. and the myriad special industrial and research i.

The concept of a central file of holdings of braries. Until we achieve more sophisticated infor-
various institutions, as described above, has been marion networks, this rudimentauy yet highly valu-
functioning for a long time in the aft of pe- able network will probably continue to operate at
riodicals and serials. The Uniom List of Serials and various levels in the library economy.
its successor, New Serial Titles, are composite lists One of the most successful government-sponsored
of holdings of a vast network of university, college, networks is that of the Armed Services Technical
public, and research libraries. No library can pos- Information Agency (ASTIA). As an am of the
sibly subscribe to or maintain files of all the Department of Defense, ASTIA is responsible for
periodical it will ever need. A union list enables collecting and maintaining files of reports of all
libraries to identify quickly the location of a par- groups doing research under contract to the De-
ticular volume of a particular title and to get either partment. Copies of reports generated under govern-
the original or a copy in a reasonably short period ment contract are forwarded regularly to ASTIA,
of time. The efficiency and relatively low cost of which is responsible for filing and making them
modern copying methods have greatly reduced the available to all other groups doing similar govern-
borrowing of periodicals in recent years, but the ment-sponsored research. Periodic listings of availa-
need to know the locations of serial tides will un- ble reports appear in the Technical Abstract Buile-
doubtedly insure the continuance of union list tin, and individual reports are supplied on request.
publications. The Office of Technical Services (OTS) of the

Both the union catalog and the union list type Department of Commerce is, in essence, a "ci-
of operation have been functioning successfully on vilian" counterpart to ASTIA. Utilizing some of
a regional or subject level. The Philadelphia Biblio- the bibliographic information provided by ASTIA,
graphic Center contains a union catalog of holdings OTS is responsible for the announcement and dis-
of libraries in that general area. There is a Union semination of research-and-development literature
List of Serials in New Jersey, as well as in other sponsored both directly and indirectly by the Cov-
states, which include the holdings, of many in- emient. Through the medium of U.S. Gover-
dustrial and special libraries. merit Research Reports, frequent announcement of

The most notable-not normally included in available publications is made, and OTS also is
the national lists-is that provided by Chemical responsible for the distribution of materials. In
Abstracs. The list includes periodicals and the sub- cooperation with the Special Libraries Association,
jects discussed in them and the names of libraries OTS is actively engaged in a translation-biblio-
holding individual tides, with an indication of graphic effort by which most of the literature cur-
whether the library will lend, photocopy, or micro- rently being translated in this country is made
film. generally available. For several years, OTS has op-

Before proceeding to the many important and erated a system of regional depository libraries.
varied governmental library-network operations, Twelve centers have been set up which receive
mention should be made of one of the most ele- files of reports and maintain them for a specific
mental yet essential type of networks. It is the one geographic area. The Massachusetts Institute of
provided by library-accession its. While often Technology library serves Maine, Massachusetts,
taken for granted by those most directly involved, New Hampshire, Rhode Island, and Vermont. The
accession lists, or lists of acquisitions of libraries Linda Hall Library in Kansas City similarly serves
of various types, are highly useful. When a large Arkansas, Iowa, Kansas, Missouri, and Nebraska.
university library which collects specialized mate- Library centers have been set up for certain types
rials uses normal bibliographic means, it will find of OTS reports and for files of translations.
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The Atomic Energy Commission (AEC) is an- The above list of cooprtive bibliographic opu-
other agency of the Federal Government which has ations is impresive but by no means complete.
a vast network of depository librades engaged in These m, for example, such operation as the
the collection and dissemination of technical infor- Midwest Interlibrury Center which stowres little-

mation. Almost 90 depository libaies in the used material of a rge group of university li-
United States and its possessions and nearly 100 braries. The sharng of resources and the elimim-
such locations abroad contain collections of AEC don of duplicate files of less-mused materials pro-
reports for reference by the general public. The vides a substantial saving in both space and money.
Commission makes available to thew libraries m The goa o the newspaper microfiming project of
ports produced both within this country and with- the Association of Research Libraries is to guaran-
in other countries cooperating in this project tee a usable central file of every important foreign

Another project in library cooperation is com- newspaper now stored on film somewhere in the
monly referred to as P.L. (Public Law) 480.' United States.
Through the purchase of foreign currencies in the The history of libraries in the United States and
United Arab Republic, India, and Pakistan, ten abroad is the history of cooperation and imprvise-
sets of complete current publications are to be se- tion in acquiring and disseminating information
cured and sent to selected libraries which already through local, regional, national, and international
have substantial holdings in these countries. The undertakings. The efforts and experiences men-
Library of Congress has undertaken to catalog the tioned here are only a few of the vital elements
Indian and Pakistani material for all the cooperat- which library service of yesterday and today are
ing libraries; Princeton University is cataloging the contributing to the network services of tomorrow.
Arabic material. Cards are being printed by the
Library of Congress and are being distributed to 8 U.S. Laws Statutes, etc. Agricultural Development
the various cooperating institutions. Anistsm Act of 1954. (Public Law 480, 83rd Cong., 68

Star. 454.)

AUTOMATITED IWIONAL IN1
7
ORMATION CEIIR

The impressive review of technology, which fol- One thing seems clear: automation is not apt to
lows in Section III, and the variety of demonstra- serve as a substitute for all of the conventional
ble equipment and techniques at LIBRARY-21 are manual information systems which usefully exist
evidence of the increasing interest in automation today. The printed index, the book catalog, and
that today characterizes the field of the informa- other reference tools are expected to continue to
tion sciences. While it is generally recognized that flourish in those areas of work where their efficiency
the cost of converting our existing manual infor- and economy are recognized. The addition of me-
mation networks is prohibitively expensive, there chanizd or electronic information tools will serve
is no letup in the trend toward further experimen- as extensions of present capabilities by providing
tation. Automation in the information area seems a complementary method for storing and retrieving
inevitable in the future, and there is good reason data.
to believe that the electronic information center Therefore, if automation does arrive on the i-
will become a reality long before the Twenty-first brary scene, it will probably not appear first in our
Century. public or school libraries. It is more apt to occur in

Present systems of information storage and re- special and research libraries where-particularly in
trieval satisfy in large measure our individual de- the fields of science and technology-literature and
sires for education and recreation. The pleasure new information is overwhelming the researcher.
of holding and reading a book, for example, is an Currently, the demands of our national scien-
experience which few have even the remotest in- tific and technical programs are so intense that bil-
terest in replacing at this point in time. lions of dollars are spent by the Government and
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industry each year in support of res h and Conventional libary methods for book and pe-
development. These eAo eventually result in tiodicel processing occur after information appears
printed items which have meaning and impact on in pint. Also, libraries accept and tolerate a multi-
opposite poinats of the total scientifi community. plicity of differw information forma at the
On an item-for-Item bais, it appears that the vol- ouc of publication. Finally, they arfair things
ume of scientific and technical reports is greater so that all items omine to one place for central proc-
today than the ammout of books and periodicals cesing. ThMes methods ar recognized as being
that roll off our commercial printing press and satisfactory and worthwhile when the volume of
are cusommily cataloged in librries Not only is work remains small-but when the volume increases
the quantity of thes reports staggering, but also geometrically, as is the case in scientific and tech-
there is no equivalent library-type mechanism, in nical report literature, then it would seem that we
or out of government, for recording and controlling need a basic change in system philosophy.
access to the information they contain. Given the high stakes involved in building in-

ASTIA and OTS, described earlier, do attempt formation automation as a national resource, it is
to organize segments of the total input. Nonethe- reasonable to assume that the U.S. Government is
less, there is a vast quantity of research and de- apt to take the lead. The pressing needs of our
velopment information which does not find its way national research and development programs in the
into the dissemination stream. This is not a tem- aerosciences or in electronics would easily justify
porary problem because we expect more, rather the establishment of a centralized information proc-
than less, printed scientific and technical literature essing facility that would serve regional centers
in the future. In order to keep our national re- throughout the country via communication HLi
search programs vigorous and to make certain that For purposes of illustration, the next portion of
our scientific researchers are well informed, we this section postulates the creation of such a gov-
need somehow to find new methods and techniques emment-operated electronic information center
for disseminating, indexing, and storing the facts, connected to and serving the major private and
figures, and conclusions which derive from our governmental information establishments in the
multi billion dollar research programs. Unless we country. It is advanced here to inject some reism
inject some effective anti-coagulants into our infor- into the discussion and to introduce the description
mation-processing system, we can look forward to of the proposed network of information centers that
gradual hardening of the research arteries, appears later.

DESCREION OF A TYPICAL OENT'IRJ

Let us say that this center would concentrate tractors, between DOD and other Federal agencies
solely on the report literature generated under con- and their contractors, and between DOD and the
tract by those performing scientific and engineer- scientific and technical community to the maxi-
ing research and development work for the Gov- mum extent permitted by security.'
vernment. It is realistic to select this field because The DOD scientific and technical information
it is one inadequately covered by manual or semi- program provides "for the handling and dissemina-
mechanized controls, and it is one in which there tion of technical data and documents or their ab-
is a pressing, critical need for current awareness and stracts, the publishing of technical journals, the
restrospective research. According to U.S. Senate preparation and conduct of technical meetings and
reports, the defense establishment would benefit symposia, and the dissemination of information ac-
greatly by coordinating efforts in this field.' quired by all other means, that are products of or

A recent Department of Defense (DOD) direc- are in direct support of DOD research, develop-
tive calls for "vigorous, well-organized, thoroughly ment, test and evaluation processes, the nmmge-
coordinated, comprehensive technical programs" 4Depment d Deean Appmpda" U14 193.
providing for "the interchange of technical infor- (Rpm No. 1578) Senate, 87th Cogmms 2nd Sadon,
mation within DOD, between DOD and its con- 1962, p. 10.
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ment thereo, through the phase of deign release aimed at improving the dimemination and exchansge
to production." of scientific and engineering work sponsored by

Modem techniques, including the use of com- the Government. In essence, it represents the Iog*-
puter-type equipment where effective and eficient, cal extension and development of the ASTIA fa-
will be used in the information programs. And the cility which exists today.
greatest possible participation in, and compatibility In a tentative way the following represents a
with, information systems of other Federal agen- general description of how such a facility might be
cies and the civilian scientific and technical comr- structured and equipped using the methodology
munity will be sought." available within today's state of the art.

The proposed center, therefore, would constitute
a step toward an integrated plan for the develop- 5 DOD Ses 2 New Pvgrmw for TwAmi DAM

ment of a national technical-information network Ha,elxUg Electronic News, Januar 12, 1963.

o Certain basic assumptions must be made about the nature, vol-
Ammmption ume, and sources of the literature involved in a typical center of

dhe future. Government contracts normally specify that the con-
tractor will furnish progress and final reports for work undertaen
with federal funds. These reports vary in form, but they generally
appear as nearprint documents containing textual and graphic in-
formation. There is little or no standardization imposed by the gov- 6
eminent, hence there is wide variance in the color, style, type, and
format of the material. The number of copies printed is variable,
dissemination procedures are erratic, and the Government has no
inviolate collection.

Automation, if it is to begin anywhere, must generally begin
at the source. In consequence, the Government in its contractual
negotiations would need to amend its regulations to insure several
very basic ingredients for the eectroic information centers.

I Soue The first is that the contractor's report should be prepared in a
SDeft type-font suitable for automatic reading by a character-recognition

machine, or that with each printed document there would be in-
cluded a machine-language by-product capturing the basic data in
digital form. The second is that the contractor should be required
to transmit his report, as soon as it is prepared, in digital code over
communication links to the center. The third stipulation is that
every document should be photo-reduced to micofilm specifications
set by the Government and that the master negative should be
sent to the electronic information center. A fourth requirement 4
would call for the preparation of a title page containing an abstract;
the elements of information on this page would be rigidly con-
trolled according to prescribed format specifications. Finally, the
contractor would have to agree to assign a unique number, provided
by the Government, to the report. In essence, the Government
would thus have established machine-language and micrographic
standards at the source of report generation.

By setting the standards and decentralizing the workload, the
electronic information center could receive report information as
soon as it is prepared. This, at times, might be before it was actualy
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printed, irsaimuch as machine language would be available before
copy went to the printer. Thus, the center would have the informa-

tion as soon as it is generated, and in a form that permits processing
with a minimum of human intervention. If the center can processP OP asi the data early and quickly, then it goes without saying that the data
would be available for use by researchers almost without delay. Ma-

chine language at the source and concomitant machine-processing
guasontce the center feedom from processing a thearages.

The center, given machine language as specified, would under-

take the following operations, automatically using equipment avail-
able today:

Autonutic Establish an automated catalog. Master records containing biblio-
cal"lo n graphic citation and an abstract could be automatically filed into a

very large random-access memory. The large memory would be
associated with a computer which would load the data into the file
and then automatically create subordinate files by author, tide, date,
security classification, etc.

Automtica Establish automatic dissemination. Since the entire text of the
Dissemsination reports would be subjected to a computer program for automatic in-

dexing, the same program could simultaneously watch for new
information that coincided with the interest "profile" of a specific
researcher or contractor. A subordinate subject file would be created
automatically from this process, and printed accession lists tailored to

the researcher's specific requirements would be sent to him.

Rnf Establish input/output communication links. An inquiry station

Inquiry could be located at several research- and government-library locations
throughout the country. Requests for information by tide, author,
or subject could be satisfied by either receiving a typewriter-like
message or a visual display of the full contents of an abstract on a
cathode ray screen. If a specific request resulted in a long bibliogra-
phy or a special list, the data would be transmitted over slower com-

munication lines to be received in digital code suitable for print out
on linex printers, electric typewriters, EAM tabulators, high speed
printers, etc.

Automatic Establish an automatic printing capability. With data stored in
Printing digital form, it will be possible to automatically instruct electronic

photocompostion machines to prepare high-quality printing material
for publication of catalogs, cards, bibliographies, indexes, special
lists, etc.

The center, given a microform of the report as specified earlier,
could undertake the following operations, automatically, using equip-
ment available today:

E•usuk Establish an automatic graphic storage PI/. Inasmuch as each
Gmvup lk report carries its own unique number, the interfiling of report ma-

SOON terial in microfilm form can be facilitated. Any number of devices,
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I
(Walnut, Filesear, Lodestar, etc.) exist for the establishment of
such a file. Using serographic printers, report duplicates in hard
copy could be prepared locally. Or, with fimie, it would be pos.
sible t can the basic report in the center and have it reproduced
miles away at a remote regional location. It could also be scannedc
with video and reviewed on a TV monitor elsewhere. Finally, it
could be duplicated on file in its miroorm and forwarded to the
user that way. In any event, the integrity of the basic file would
remain intact, and the electronic information center would become
a duplicating rather than a circulating library.

Because almost all of the data preparation would Thus only the central installation would have a
be done at the source and the use of hard copy large capital-investment requirement for equip-
would be de-emphasized, the kind of center de- ment. The outlying network stations would re- j
scribed above could be housed in fairly small quar- quire only modest installatvons for their service in-
ter. Space would be needed for the computer and put and output needs. !
associated equipment, for some communication The one element of the plan which makes the

gear, for the microphoto store, and for a local in- entire proposition practical and realistic is the con-
quiry reference station. trol which the sponsor, in this instance the Govern-

A more detailed list of support equipment would ment, could exert over the standards for source-data
include: preparation. This control is essential. With it come

I. Medium-size digital computer all of the advantages of rapid communications and
a. Large input/output capacity ease of machine handling. Without it, we would
b. Random-access digital store seriously question the value, economy, or useful-
c. Large-bulk storage capacity ness of any machine application to the over-all in-
d. Supervisory printers formation system.
e. Supervisory volatile-display devices The machine methodology and infomation-proc-
f. Large graphic random-access store essing techniques described above are feasible and
g. Magnetic tape, paper tape, and card attainable within today's engineering environmenLt

leaders Almost all of the equipment involved represent
h. Computer to print equipment shelf items currently in manufacture. What is new

2. Large-volume photocopy and photocompo- in the concept is the interaction of users with a
sition equipment distantly located store of information. This is the

3. Standard offset presses and duplication de- crucial, underlying element of all network con-
vices cepts and it is an area where we desperately need

4. Facsimile devices some practical experience.
5. Microphotographic storage systems The hypothetical center described above can be
6. Film and photo viewers viewed as an extension of the ASTIA facilities that
7. Teletype and telephone communication exist for handling Department of Defense technical

equipment reports. Today, DOD contractors forward their re-
8. Audio devices ports to ASTIA for central pocessing. This rmuts
9. Special test equipment in the creation of tools for automatic catalog

10. Automatic character or mark-sense readers searching, hard-copy reproduction, and the pro-
While the preparation of the original text ma- vision of other documentation services to author-

terial would be done on a decentralized bais at ized customers. The fundamental diffasmces be-
the source, the processing of the data for cataloging, tween today's structure and that which is suggested
dissemination, etc., would be perfonned centrally. for tomorrow ate the requirements for standar•.a-



tion and comunci on. Sndardintion (putting eral administrative respo• ibility for the entire na-
infeammion into machine-readaNe format at the tional technical-information and communication
mums of data preparation and establishing micro- network and for communication contacts with other
filmng standards) will permit decentralized proc- countries.
easing in a foam which is compatible with the In a similar way, the other regional center would
neds a central facility. Communication will support local centers, which are major sources of
provide the meuas fo nducing over-all processing information in their respective area,
and servicing time by allowing faithful, rapid trans- The main objective of the total network would
mission of digital information between the center he to provide a uniform processing and communica-
and its contractors and between the center and its tion system for printed information in prescribed
users. Figure 11 depicts the flow of data, process- scientific and technical fields. It would provide
ing activity, and user interactions with an ad- guidance for the standardization of input, establish
vanced type of ASTIA facility, indexing standards, and provide the communica-

Continuing to use this center as an example, it tion means by which member centers of the net-
is posble to postulate further how such a facility work would have immediate access to the resources
might find itself a partner in a much larger infor- of the network as a whole.
mation network The "new ASTIA" could then be It is envisaged that processing will be accom-
considered as one important node in a major tech- plished centrally and that reference tools will be
nical infonnation and communication network; selectively created to meet the special needs of the
one, perhaps, that might be devoted to the dis- regional centers. Communications will extend from
semination of scientific and technical information each regional center to all sources and users of in-
throughout the United States. (It is assumed that formation in that area. Universities, libraries, in-
a national communications system will evolve it- dustry, and government contractors will qualify as
respective of the pressures that may develop for users. Individual scientific researchers will thus
infroation networks.) have access to the unclassified resources of the

Figure 12 shows a suggested national technical- regional centers through any number of local cen-
information and communication network that con- ters. Electronic safeguards will be built into the
tains sx regional centers. To permit maximum serv- network so that classified resources can be madeSice to waes, the regional centers are located in or available on a "need-to-know" basis. The over-all

near densely populated areas, their precise locations communication network will be capable of hand-
being greatly influenced by the presence of local ling multiple requests without delay.
research libraries and the needs of government and The operating guide lines of the proposed net-
industry, work are critical. It is not possible for a family of

For example, the Eastern Regional Center might regional centers to survive in an undisciplined en-
be located in or near Washington, D.C. This cen- vironment. The requirements of standardization
ter could serve users in the eastern region through will probably be emphasized the most at the source
such local centers as ASTIA, the National Agricul- of data preparation and within the technical comn-
tura Library, the National Medical Library, the munication field. Beyond that, the system should
Library of Congress, the Patent Office Library, be organized so as to provide the user with wide
NASA, AEC, etc. In addition to being an inde- latitude and sufficient flexibility in levying and
pendent regional center, it is likely that this center pursuing his information needs.
would also serve as a national center-having gen-

PROlPOaD N W OP ciNruus

An interconnected network of national infor- information centers through local communication
mation centers will have access to each other's re- systems. Regional centers will be responsive to the

urcm through a national communication system. information needs of thousands of local centers. Lo-
Regional centers will in turn serve numerous local cal information centers will become the nerve cen-
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ter of the communities of the future; an intimate Today, many libraries provide specialized serv-
relationship will exist between the home and the ices for a fee; the information service of tomorrow
resources of the local center and between the cen- might provide certain services on a rental basis for
ter and local government contractors and research those who need them and are willing to pay for
establishments. them. This might require the installation of spe-

The national, regional, and local information cial communications equipment in private homes
centers will exist to enrich our lives and thought and in government offices. The anticipated availa-
by utilizing technology to increase the availability bility of cheap nuclear power should increase the
of books and information services and to strengthen feasibility of such installations.
and support our national research efforts and pro- It is hoped that each local center will reflect the
grams. The typical library of the future will be information needs of its customers, and, conse-
part of this network of centers intimately tied in quently, that these centers will achieve the great-
with all facets of man's activities. Assumptions re- est level of functional uniqueness in the entire
garding the network structure and the number of system. It is unlikely that local centers will be
centers are dependent upon switching and com- capable of responding to every request they receive.
munication capacities and population density, rath- When a local center cannot handle a request, it
er than upon the quantity or quality of available will contact its appropriate regional center which
information. In other words, the structure and com- will either respond on the basis of its own informa-
plexity of the information centers will depend on tion resources or will contact another region.
rates of use, rather than on the characteristics of The purposes of the regional center will be to
the information. service the local centers, to optimize the value of

Moreover, we conjecture that future information inter-regional center communication and coopera-
ccntcrs at the local level will include facilities for tion, to integrate new media into the historical en-
information storage, collation, and dissemination, vironment of printed materials, to operate the fa-

with direct communication links to each customer cilities in support of individual and governmental
installation in the area of its responsibility, and to information requirements, and to provide a dy-
each research and government facility. People will namic physical setting for learning, self-education,
undoubtedly continue to find it desirable to visit and research. Continental or national centers will
their local centers in person, but they also will be communicate with each other and with their own
benefactors of expanded services at their office subordinate centers.
desks, such as those they now receive by telephone.

NETWORK CHAACTBRASTICs

The pattern of information resources for this net- accuracy and reliability figures, as well as conveni-
work system is unique. For example, local centers ence figures, which should be constructed and ap-
will store and handle information and services plied. Response times should approximate micro-
which use-patterns indicate are most frequently seconds to seconds for demand requests, and where
desired by the people in their areas of responsibility, pre-scheduled single or continuing information re-
just as do present-day libraries. Regional centers quests exist, the network should be capable of
will not duplicate these resources or services; they handling them in their entirety in terms of presen-
will store information and provide services which tation at the desired time and complexity of presen-
use-patterns indicate are only infrequently desired tation.
within their larger areas of responsibility. National Automatic and instantaneous translation from
centers will be designed as single, centralized com- unfamiliar languages is an indispensable prerequi-
pendiums of information and service resources ca- site to this system. Data-storage capacities will have )
pable of satisfying every known requirement of to exceed what now would be considered fantastic,
their users but the ALA anticipates that normal advances inIn general, this system should produce very high computer technology will serve to increase the sW



of computer stores over the next decade. However, capacity of their own capable of being exerised by
it is doubtful that equipment techniques alone can the local center. In effect, the home-memory sys-
increase storage capacity to accommodate the in- tern should be composed of two elements: one con-
formation that will be needed a decade hence. trolled from the center, and one controlled by
Consequently, there undoubtedly will be greater the user; one on input/output, the other on
and greater standardization of computer input and output/input
output language and an equally apparent trend The switching complexities involved in a system
toward language compression via symbology - a of this magnitude are obviously beyond the present
shorthand of symbols which will permit super-corn- state of the art. But given advances of the type
pact expression of the information being communi- registered during the pant several decades, it should
cated. Computer-language standardization and com- be possible in the future.
pression will complement expected increases in the The regional and local information centers will
storage capacities of equipment and penJAa more equally serve the entire population-farmers, law-
efficient form of information registratLnI the yers, teachers, doctors, businessmen, students,
equipment's memory, thereby reducing W num- housewives, and skilled and non-skilled laborers.
ber of bits necessary to express meaning in the The entire complex will be capable of handling
store. By the time this has been accomplished, the either requests for spot information or the delivery
ALA presumes that users will have learned to use of an entire literary volume. For the most part, all
the language of the system and that contact be- requests will be accepted simultaneously with the
tween the system and its users will be efficient, assistance of large-capacity, real-time computers.

The computer core of the center will be general- The response to these requests will be staggered
purpose equipment; this will be surrounded by lan- accordinging to priority, length of reply, and availa-
guage processors and special-purpose analog equip- bility of the material.
ment which will transduce the digital output of The size of the center will necessitate some sub-
the core to a communicable meaning for input into sidization by local, state, and federal organizations.
a communication channel. Equipment programs The local centers will be supported by local sub-
will be of various types. Dictionary and compiler scription, the regional by state and federal sub-
types of computer programs will be the responsibil- scription, and the natio.ial networks by federal
ity of the center. A specific request for information subsidy. All routine inquiries will be handled with-
or services will in fact constitute communication out charge. Reproduction requests will necessarily
of that which is desired and also the instructions be subjected to a materials cost.
as to how to get it. The greatest effect of the information network

This brings us to customer installations at home of the future will be on the staff itself. Inasmuch
or at the desks of government researchers. Ideally as these people will be its voice, their knowledge
they would be multi-channel affairs. They would and training will greatly influence the general pub-involve input/output channels for audio, video, lic. In addition to the classical requirements of li-
image reproduction, text reproduction, and the pos- brarianship, the staff of each center will need to
sibility of any combination thereof. The equipment have a broad liberal and scientific education in
supporting these media also would possess filters ca- information-retrieval theory and practice, knowl-
pable of indicating whether a request represents a edge of machines and systems, and the relationship
logical possibility, thereby reducing operational of the human to the machine. The ultimate worth
noise in the center. This means that local centers of the library of the future will rest largely-as in
must be able to re-program customer installations, the past-on the capabilities of the people who
and these installations must possess some memory operate it.
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III. COMPENDIUM OFTECHNOLOGY

OURRIVT IUCNIQUE5 AND SQUIPMEiIT

When discussing some of the more futuristic In the following material, various processes and
technological implications for libraries, it is perti- equipment will be described, mainly to indicate the
nent to describe firs the pattern of equipment de- level of their development and to high-light their
velopment as it exists today, as well as the research potential application to libraries or electronic infor-
underway that will lead to future development. mation centers. No attempt will be made either to

Over the past five to ten years, U.S. manufac- justify cost or to evaluate performance. Items have
turers have been attempting to devei', -w equip, been selected to illustrate arms of work; therefore,
ment to fill recognized or anticipated Lbrmiy needs. they do not represent a comprehensive inventory
In some instances this commercial activity has cen- of the great variety of experimental efforts under-
tered on satisfying the needs of one specific infor- way in the field. The purpoe of including them in
mation system, but in most cases the effort has this report is to convey to the Air Force the current
taken the direction of simply trying to find new state of information technology in order to provide
markets for existing products. As a result, available insight into possible developments that can be
equipment is highly specialized and covers only expected tomorrow.
narrow segments of application and interest.

The basic need to prepare catalog cards has intensified librrians'
office interest in the near-print methods of reproduction. Office duplicating
Duplcetlag machines which employ spirit processes - manuscript, offset, and
Mchines xerography-have either been modified or adapted to satisfy short.

run requirements for catalog cards in libraries.
Photocopying Photocopying, however, is the primary and predominant method

of reproduction in library service. It is thoroughly reliable in speedily
providing users with copies of unique materials held in the collection.

Photocopying methods are accepted as a profitable substitute for
many conventional manual library routines. The great advantage of
photocopying lies in its service capability; in some cases it is more
economical to provide "take away" copy service, in film or hard-copy
form, than it is to circulate file material to users.

The Photoclerk is, perhaps, the best known and most widely used
example of the direct copying method found in library operations.

Machine Some libraries ae beginning to use machine-language electric
Lonuopl typewriters, like the Flexowriter, to produce catalog cards and to
Electric prepare lists of bibliographic material for printing. If some of a
Typewriters library's source data can be captured in machine language (e.g.,

when preparing bibliographies, subject heading lists, etc.), photo-
Photocomposition composition machines can then be used to prepare final copy for
M kcimes printing in the type font and style required for a given publication.

There are a number of devices for producing photo offset plates
directly from lines printed on individual punched cards or from

Punched punched paper tapes. Other automatic equipment permits photo.
Card graphing single or multiple lines from the text imprint. Thus, by
Equip 8et combining the flexibility of punched cards with a compatibleprint-
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ing cmp4bility, the mass reproduction of information from a library-
data Sle becomes feasible. Increaed speed and a variety of edited
output fommats results when computers are linked up with suitable
outplut prnhting equipment. This is especially true when computer
outpuf drives electronic photocomposition machines to create offset
plates in any mixture of type font, size, and style.

Lme printers are commercially available as peripheral output
equipment which is normally sold with standard data-processing
machimes. However, while line printers are very useful in business
data pmoessing, they do not yet possess the printing flexibility re

High-speed quirec for library publications. Generally speaking, standard output
Output equipmanent prints one line at a time in a prescribed type font and
Printers style. Its type font usually consists of all capital letters, and its

speed nnges from 100 to 1,000 lines (120 characters per line) per
minut,. Soinre output printers use styli to create individual letter
charac:ters from combinations of dot patterns. Others employ cathode
ray t- lxes that are capable of generating alphanumeric characters at
very IL igh speed-up to 5,000 lines per minute.

Character Tl'-%e ability to automatically convert original data from the
Recognition printeud page to machine language is basic to the use of high-speed
Machines data-p-xccessing machines in information work. Until this is possible,

iibrarimans will not be able to convert existing manual files to a form
suitablle for machine processing. In the absence of automatic con-
versionrm eqtuipment, it is necessary either to type or keypunch the
data o.ver again. Both processes are notoriously expensive, slow andliable to produce errors. For these reasons engineers undoubtedly

will •-oninule their efforts to produce a device which will auto-
maticomlly scan the letters, words, and sentences of a text, converting
them widirectly into discrete digital representations. The ultimate en-
gineer-ing goal is to rapidly "read" large quantities of printed infor-
matior- so that further processing of the data can be performed by
a com jputer.

Tcday, only alphanumeric data in a prescribed type font is read-
able 6,y machine. However, data st'rrfd in iibraries and information
center-s represent many alphabets pr.ated in varying type styles and
with L. nteriwxed fonts. The two most popular character-recognition
technL jues currently in use involve either optical scanning or mag-
netic ink reading. Neither, in its present form, can be used as a
generinl-purpose character-recognition system for examining a typical
page cof printed teat.

Auditory ir-seach in auditory recognition is being done to determine if a
Recognition machinie can discriminate phonetic sounds automatically and, in so
Machines doing,. produce a satisfactory digital code for machine input.

A mnumber of experiments have been conducted, and correspond-
ing cc~rnputer programs have been written, having to do with the
possib-lity of using computers for quasi-intellectual proceies. The
force 1einmd this experimentation results from an appreciation of
the pc3wer of combining three basic characteristics of the geneal-
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Campekes nod purpose computers: (1) its extremely high speed; (2) its stored pro-
Sgtra which allows it to perfom a pre-specified order of elementary
Deft operations; and (3) its capability for automatically changing its
Proussng program. Thus. there has been considerable speculation and much

research to find out if the general-purpose digital computer can be
Ienfeea harnessed to perform tasks in the field of information retrieval, as
Siwell as to serve as a substitute for many of the burdensome routines

associated with standard library operations.
A library need not buy a digital computer to obtain the advan-

CONuOW tages of automatic data-processing systems. Central computer serv-
Cmvwh ices are available throughout the country. These can be used to a
Seo iV s limited extent, depending upon the type of machine in use and the

availability of program time on that machine.
During the early 1950's, computers were used increasingly for

numerical computation. In consequence, computer programmers
wrote more and more subroutines suitable for handling a broad
class of complex mathematical functions. Later, as equivalent ex-

Electrln perience was gained with computers in business-data processing, a
5.•*b& whole new class of programs was written for handling and process- I
Coalleinmg, ing combined numerical and non-numerical data. This work pro-
end vided computer capability for sorting, collating, and searching great
Serch•ng quantities of data; for controlling input and output devices; and for

developing printed bibliographies and lists in a great variety of for-
Memcanical mats. Within the past few years, emphasis has been placed on ma-
Treilet. chine analysis of the syntax and semantics of natural language.

This has led to the development of computer programs for language-
Aulawamti data processing, machine translation, automatic indexing, automatic
Imidewa abstracting, etc. Still other computer programs have been written
sad for preparing permuted title indexes as well as conventional printed
Abqe't clba indexes.

Several researchers have produced computer programs which
embody sophisticated mathematical principles for searching natural
language text after it exists in machine-readable form. Research

Sercking work has explored ways of extracting meaning from text by means
Natural at of word association, syntactical analysis, and even contextual analysis.
by Computer Advanced mathematical notions such as the calculus of probability

and the theory of relevance have also been applied.
Although computer technology has been applied to library work

chiefly in indexing and searching, attempts are being made to deter-
mine if electronic data-processing machines can support more
conventional library operations, such as serial-record maintenance,
circulation control, financial management, etc.

Professional and informational personnel also are giving special
Mhu.-p~ehga'ephy attention to microphotography and facsimile transmission. The for- I

mer provides a tried and proven method for densely packing printed
information into compact form; the latter holds the promise of im-
proved interlibrary communications. !

Micrf No Mlcrofim, at piesent, is the most effective means of controlling
file growth. An impressive army of different cameras and a mul-
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tiplicity of microfilm media are available commercially. Roll film,
Aperture Cards aperture cards film in cartridges, microfiche, sheet film, and micro-
MicMolte- cards are but a few of the examples of common micrforms presently
Microcarda in use in information installations.

New dry processes have been introduced to overcome the dis-
advantages of wet chemical development which is normally amo-

Dim0 dated with the silver-halide film process. Diazo, for example, is a
film which is exposed with ultraviolet light and developed in gas-

Kalvar eous ammonia. Kalvar, another film, is exposed with ultraviolet light,
but is developed with heat at a temperature equivalent to that of a
warm iron. The latest dry process is photochronics. This process
claims data-compression ratios of up to 400:1 with practically no

Photochrom 'cs loss of resolution. Photochromic film is exposed with ultraviolet
light and can be erased with white fight if required.

Film Printed material which is compressed into a microform calls for
VYiemr auxiliary equipment-inspection viewers, service viewers, and print-
COPY ing equipment for individual page copyinp. Equipment available on
Printers the market makes it possibls, to vii,.. u microform and obtain, if

needed, a copy of all or part of a page in a matter of seconds.
Reflex Devices that fall into this category provide push-button copying,
copying frame-by-frame, using manual, semi-automatic, or fully automatic
Machines auxiliary means. In most libraries, reflex copying equipment, such

as the Photostat machine, is still the production mainstay for copy-
HIgh-Spe•d ing printed material. By using high-speed xerographic printers and
Xerogr•phy automatic binding equipment, page enlargements of the microform
Automatie can be assembled as a conventional book.
Binding Ever since RCA conducted a demonstration of Ultrafax at the

Library of Congress in the early 1950's, the library profession has
Foalmille been actively interested in the possibility of using facsimile trans-
Transmission mission as a medium for conveying printed information from one

library to another. The perfection of facsimile transmission has im-
portant implications for libraries and information centers. It offers
the promise of being able to make unique library materials speedily
available to interested users who are at locations remote from the
only source of supply. In essence, it would provide a visual data-

Audio transmission technique to supplement audio communication by tele-
Communication phone. Facsimile transmission is not a new technique. It has been

known for many years, but has had limited use because of the slow
technical development of data-transmission facilities and associated
equipment.

Wirephoto Newspaper wirephoto services are the popular form of graphic
transmission. In wirephoto, a relatively successful method, the photo

recorder produces a light-sensitive film which then must be devel-
oped and processed like any other photo. In direct facsimile, how-

Flying ever, the material is set on a drum and scanned by a flying spot.
Sp Based on the spot reflections of the text imprint, electrical impulses
Scanners are generated which are sent over wires or microwave links to a

recorder synchronized at the receiving end. Electro-senitive paper is
used for recording, and the product is essentially an instantaneous
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form of graphic communication.

Video Video recording and transmission also provides a visual fotin of
Tfe"mlmel graphic communication over great distances. Although the prewnt

technology satisfies the requirements of long-distance documentary
transmission, development of such video equipment has been re-
tarded because manufacturers do not yet see a market for it. Ex-

COard periments however, in closed-circuit television between libraries.

Circuit have been conducted to learn more about the implications of such j
Televilon a relationship.

Regardless of method, it is clear that advances are needed in the
field of interlibrary communication and data transmission. Provi-
sion of such service will make possible the timely shfring of infor-
mation resources among several information centers, thus reducing
the necessity to keep duplicate holdings in libraries.

Aside from the equipment available for long-distance commu-
nication of the printed page, prototype devices have been built for
the purpose of performing card-catalog searches and file inspection

Remote from a remote location. These electro-mechanical devices provideCatalog access to a prescribed segment of a card catalog, and, by using a

Search television camera, the data on selected cards are scanned for trans-
mission to a remote viewing station. I

TV Standard cathode ray tube-display systems use specially designed
Compatible tubes or standard tubes with special circuitry to display alphanumeric
Display and symbolic characters. These are used for recalling and displaying

general memory information from a computer store to a requester in
English-language format. A recent development provides a character
generator and display system which is compatible with home-TV
receivers. This system converts d.gital data into a tabular display of
alphanumeric characters on one or more television receivers.

Flat For a number of years the Army-Navy Instrumentation Program
Display has maintained, requirement for a flat, transparent display tube.
Television Much effort has gone into producing these displays for air naviga-

tion, air traffic control, and general memory display. Recently, a
Electronic new approach using ferroelectric-electroluminescent panels shows
Film promise of meeting this requirement. Experimental panels have
Searching proven the feaiility of flat display panels, but have not yet been

developed to the level of TV resolution.
Electronic Of particular interest to librarians and documentalists are the
Searching principles of electronic film searching which, on the surface, have
Machine (Film) seemed to satisfy the basic requirements for dense storage, fast access,

and flexible display of information.
Ever since Dr. Vannevar Bush proposed a Memex machine in

1946, there has been a rush of equipment designed to combine the
Machines dense-storage capability of film with the searching speed of deec-

tronics. The Rapid Selector was the first such device to be built. It
Rapid recorded frames of abstracts and corresponding digital codes on a

Selector 2,000-foot reel of 35 mm film. Despite certain engineering weak-
nesses, the machine was put into trial operation in a library environ-
ment-the U.S. Department of Agriculture ibrary-and served to
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stimulate information people to think more seriously about the ap-
plication of the concept. A later model of the Rapid Selecko, built
by the Bureau of the Census, is in operaton today in the Navy's
Bureau of Ships.

Minkerd Following the Rapid Selector, other equipment appeared, includ-
Media ing: Minicard, Media, Flip, Filesearch, Lodestar, Verac, and Wal-
Flip nut. Originally, each of these devices was designed to satisfy the
File ierch objectives of highly specialized information-system customers, but all
Lodestar of them represent technical progress in the stride toward combined
Veroc use of electronic and photographic media for many purposes.
Welnut Minicard and Media are systems which store digital and graphic

information on chips of film. Flip, Filesearch, and Lodestar, on the
other hand, require that the stored information be contained in
sequence on reels of film. Verac and Walnut are slighdy different.
The former requires a store of glass plates on which a matrix of
images is recorded; the latter uses strips of Diazo film for recording.

Both, like the others, provide electronic-searching capabilities.
None of the techniques mentioned above were designed . be

suitable for book storage, and, in applying them, most attention has
been focused on recording articles in technical journals or in spe-
cial multi-page reports. Since each technique is basically photo-
graphic, storage is not limited to printed text only-all forms of
graphic material are susceptible to the same treatment.

Multicolored Most digital computer-searched film stores use black-and-white
Film film with very high resolution capabilities, but with limited density
Stores levels. The U.S. Air Force is now using a color film cartographic

technique which can be scanned and measured to 500 levels of tone
discrimination. This capability raises the possibility of increasing
the versatility of material stored in automatic data-processing systems.

Laquage Recently the Hammarskjold Library at the U.N. announced the
Laboratories inclusion of a language laboratory in its physical plant. With the

progress being made in programmed language instruction, a wide
variety of special-purpose equipment will be finding its way into

Teaching other libraries as well. This auxiliary equipment will be essential if
Machines librarians are to make optimum use of the newer media that are

becoming companions to the books on library shelves. Teaching
Sight machines, random access slide projectors sound sight and machines,
and kinescope viewers, stereophonic sound machines, record players,
Sound closed-circuit television, etc., are examples of modern equipment
Machines that is needed to fully utilize data that may be stored in libraries on

film, in wax, or on magnetic tape.
The largest number of near-transactions in a library occur in the

circulation department. Therefore, the profession has paid special
attention to finding ways and means to automate this statistical,

look clerical operation. After many years, the book-charging machine was
Charging developed-a device which is used more widely, actively, and pod*
Mochines ably than any other in the nation's library network. Many types

and models are manufactured by several commercial companies. The
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book-charging machine represents library use of the "management
by exception" principle so common today in most supply and inven-
tory applications in business-data processing.

From the above review of machine research-and- nour remarked that libraries would undergo many
development activities that are of pertinent interest radical changes in the near future that would trans-
to libraries and information centers, three specific form them into a "communications center of a
research - and - development - objectives emerge: to sort." The capsule review of the technological
achieve more compact storage of the source ma- groundswell sketched above, plus the description of
terial, to rapidly provide intellectual and physical a still brighter technological horizon ahead (as given
access to it; and to display it or provide it in a form in the next section) both serve to emphasize the
suitable for individual use. Microphotography, the validity of Dr. Ridenour's prediction. With the in-
application of computers, the use of facsin.1- and troduction of new media for recording knowledge
video techniques, photocopying, etc.. represeut dif- and the impact of technology on our current sys-
ferent bands in the spectrum of development effort tems of graphic communication, it is conceivable
underway to achieve these objectives, that in time librarians will evolve into dynamic

At the 1951 Windsor Lectures on Bibliography electronic information centers.
in the Twentieth Century, the late Dr. Louis Ride-

FuTuan TEcrNiQuzs AIu) EQupmENrr

One word symbolizes the difference between the munications technology will transmit the desired
library of today and the information center of to- information to the user at his convenience, wher-
morrow-availability. The full potential of the vast ever he is and whenever he wants it.
collections of man's recorded knowledge will be Let us consider the present rapid technological
fully realized when data-processing technology evolution upon which the library of the future
makes available to the user specifics regarding the might be predicated. The following devices, now
kind, quantity, and location of existing informa- being developed in laboratories across the nation,
tion. Future storage and retrieval equipment will will play a key role in the achievement of tomor-
provide an inviolate library in which any and all row's information center.
material will always be available. Advanced com-

Inte"gmtd Molecular structure, quasi-standardized, multi-element electronic
Electronics circuits manufactured by processes of growth, printing, evaporation,

or other physical-chemical means will be used throughout the library
of the future. Computers, data processors, and decoders will be com-
posed of many such modules, of a few basic types, which lend them-
selves to a minimal size and number of interconnections.

The rapid growth of solid-state electronics since the development
"Thin of this relatively new field of physics has led to studies of "thin film"
Film" techniques, wherein materials exhibit useful properties when used
Techniques sparingly in layers measure in wave lengths of light. Little under-

stood at present, such techniques can be predicted to give rise to
complex computers which are derived from the evaiporation of an
infinitesimal amount of moderately expensive material onto a sub-
strate of cheap and abundant material. Example: compounds of sul-
phides (cadminium, zinc, etc.) in layers a few angstroms thick, on



substrates of glass or ceramics, may, in a space of a few hundred
square inches of surface, compose a completely intracontiected and
interconnected computer arithmetic unit capable of functioning at
gigacyce-per-second rates.

Chrent Coherent electromagnetic radiation will be used for the trans-
1 mission of information via propagation through free space, as well as

over closed circuits. Complex integrated electronic circuits will be
interconnected by coherent light coupling; thus, proper juxtaposi-
tion of molecular circuits will accomplish electrical signal coupling
and transmission between modules via "lightpipes" or free space.
Conventional wiring as it is known in the Twentieth Century will
be largely eliminated, and conversion of optical energy to electrical-
signal format and back again will take place in the integrated elec-
tronic modules without recourse to copper path wiring.

Optcal Optical masers (or lasers-light amplification through stimulated
Messrs emission or radiation) will be, for the library of the future, an

optical transmission line repeater-amplifier, a modulated searchlight

or equivalent line-of-sight transmitter, a display device (an online
projector), and an oscillator for a "million telephone calls."

lmtes'onetiantel Communication satellites will serve as active repeaters or passive
Trenmsanha reflectors for intercontinental transmission of intelligence via mod-

ulated light-wave lengths. Coupled with optical wave guides over
land masses (glass fibers a few microns in diameter will be the
analog of metallic wire transmission lines), the cost of transmission
of "intelligence" x the user "volume" will remain constant or nearly
so; i.e., the expense of transmitting a recently published French
novel from a Paris library to a requester's home in Terre Haute,
Indiana. will be approximately the same as if that book were on sale 4
in a Terre Haute bookstore.

Bionk Neuron-like or adaptive logic will be utilized to implement such
Logk functions as character recognition for language translation, informa-

tion storage (insertion), and screening of retrieval requests for suit-
ability criteria. Such a technique will further minimize computer-
encoder size and allow for growth capability to help defeat system
obsolescence. Thus, information-center machines will interpret user
requirements and suitability in a 'leaming" process. Indeed, cen-
tralization of certain types of documentation will be fluidly transi-
tory in nature as the machines "learn" to anticipate regional needs
and build up specialized inventories of information based on pre-
vious experience.

Sophisticated and adaptive coding will be used not only in com-
puters, data processors, and the like, but also in communications,
display (aural and visual), and reproduction facilities. Utilization

Digitel of digital techniques throughout the library of the future will result
Coding in a number of benefits.

1. Adaptability to secure cryptography for governmental, in-
dustrial, and private subscribers.

2. Increasing the bose of standardization for minimizing obso-
lescence of equipment.
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3. Minimizing costs through standardization of components.
4. Increasing efficiency of communications through reduction

of error probability due to noise and interference.
5. Increasing efficiency of ctommunications through elimination

of data redundancy.
Analg Analog signals from video devices may be quantized, coded, and
Signal transmitted in this digital (or binary) form. Subsequent demodula-

tion, decoding, and resynthesis will allow for high-quality transmis-
sion of graphic material. Printed symbology (letters, books, docu-
ments), printed data (maps, charts, etc.), as well as graphics of
purer art forms (paintings, photographs, etc.) will be transformed
into machine language enabling storage, transmission encryption,
reproduction, and general data processing.

Vide1 Primary display requirements will be fulfilled' video displays
Displays of the reflective type in which the source of ligh, . •xtemal to the

display equipment (room lighting or display "edge' ,r flood-light-
ing) and only the reflectivity of elements in the display are modu-
lated to present visual data. Such displays may vary in size from
a small screen (perhaps 10 inches width/height) through inter-
mediate multi-receiver screens (21-30 inches width/height) to a
large screen (4-40 feet) for audiences of greater numbers.

Reflecti The displays themselves, especially those in homes or business
and organizations will be of the flat or wall type, perhaps remote from
Sold-$tft their video-processing equipment. The reflective display will offer
Displays the attractive advantage of high brightness and contrast in normally

well-lighted areas, with no loss of detail or quality, and will alterna-
tively allow for viewing under dim or dark ambient lighting condi-
tions by use of external artificial light.

Display The display of pictorial information over the visible color spec-
of Pictorial trum will be achieved by external lighting in suitable combinations
Infarsolon of two or more primary colors in conjunction with address of ele-

ments in the display with appropriate color signals. By manual or
forced (automatic) selection the display will be 'either dynamic
scene information (flicker-free moving pictures) or be capable of
long-term storage for tabular or graphic information of a temporally
static nature. Multiple overlay displays will be implemented by
electronic or optical signal mixing for technical personnel desiring
orientation of information for purposes of comparison and measure-
ment.

Reflective The reflective panel display will be achieved by use of opto-
Panel chemical, electrokinetic, or other physical principles which are ca-
Display pable of varying the reflectivity of elements of a mosaic of certain
Implnmsenttlon materials by stimulating them with light (pencil beam) or electrical

energy. Projection of modulated and scanning optical masers on cer-
tain dye materials, or electromagnetic or electrostatic orientation of
microscopic mechanical elements (vanes, spheres, etc.), are two
techniques which may be used to implement the reflective display.

Whether large or small, such displays will be of a modular na-
ture in that they may be assembled from standardized components.
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Disla They will not require complex addressing mechanisms but will
Pm I operate similar to present-day television system requiring only a

Tmeb.Iquee modulating signal which may contain synchronizing imnmation
from the source.

Such panels may display graphic or symbolic visual data re-
composed from quantized and coded master copy or scene informa-
tion; or, conversely, the visual data may be wholly synthesized by a
computer from data-processor stores and transformed to "readable"
information. They will be formed largely from processed structural
materials, such as aluminum, metal alloys, etc., to form small durable
elements which operate electro-mechanically (e.g., electrostatic field
orientation of a vane; electrostatic field attraction of a spring), or will
be micro-encapsulated dyes whose reflectivity can be reversibly varied
by light excitation (e.g., opto-chemical elements). In either case
materials will be inexpensive and easily formed.

Lumlinma Solid-state displays of the luminous type will be utilized where
Soud-St., reflective displays are deemed undesirable. Electroluminescent panels
DMsplhys of the mosaic or matrix type will be utilized in conjunction with

other solid-state materials (photoconductors, ferroelectrics, etc.) for
addressing and switching to display real or synthetic data. Brightness,
contrast, and resolution will be equal to or better than that achieved
with present-day television kinescopes.

Fearicetiom of Fabrication of solid-state displays will be much akin to that of
SolId-Site integrated electronic devices. Thus, production facilities may be
Dispkls somewhat standardized to produce devices similar in physical char-

acteristics but widely divergent in their systems behavior.
Recording For the purposes of this report, recording media are defined in
Media three categories:

1. For archival storage and call-up.
2. For interim storage where "erasure" and re-use of the media

is desired (as in a home or a business-terminal facility).
3. For duplication for personal study and use, either in public

service areas of the information centers or at user terminals

Archival storage in the information center will be of high-packing
Advenced density, such as may be afforded by electrostatic recording on highly
Rec•rdi stable thermoplastic reel or cartridge film, or will utilize dielectric
Taeieclly tape bases of synthetic materials similar to mylar which may carry

magnetic oxides.
Dymsac-Accem It is anticipated that such stores will be of a dynamic~access na-
Stoe ture similar to tape loops and disk tles, whereby start-stop inertia

is eliminated and access time is reduced by keeping stores in a con-
tinual cycling process. This also enables multiple but sequential
access for readout. Related techniques uf air-bearing surfaces will
be generally employed to reduce wear and replacement problems.
Readout techniques will employ low-inertia scanning by fight beam
(photoelectric sampling) to further reduce contact-wear problems.

Interi Interim store-recording techniques may be of the electromagnetic
Men ewdln or electrostatic type where rapid "writing" is facilitated and no proc-
Tebemlqa. essing is required. Erasure is possible once the information either
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has been duplicated or assimilated anrid is no longer required by the
user. Such devices may take the genral form of magnetic tape
recorders in use today, but with considerably less expensive Inte-
grat electronics which will be tid into local communication ln
to atellite centers. Such interim storage-cding media may be
used for "soft copy" display on refcve or electuminescent panels
or "hazd-coly" psinten for permanent duplication.

cdDupication reording media will most likely utilize either real
S Jom or synthetic paper for electrosttic, - tologehic trecoding
! • from interim tape storage or on-fine recording from the information
Scenter. Ile latent elctosaic images may be formed by exposure

to electric charging elements; or with photosensitive layers, exposure
to optical images. Development of the latent image will be achieved
by chemically inert powders, either dry or in liquid mispensuon
(e.g., carbon black in resin binders or dyes suspended in a solvent)
so that permanence may be achieved by heat treatment or evapoa-
tion.

Direct- Such techniques may utilize extremely low-cost plasticized paper
Cootlet on a continuous web for direct-contact printing via a single-line scan-
Printing ning, cathode ray device (incorporating thin optical window or

fiber optic window and phosphor) and dry-process development of
the image. All of the elements involved will be extremely cheap; the
cost oi materials involved in printout of a 500-page book will be no
more than the present cost of the ink and paper usually involved.

Cattig Incorporation of cutting, collation, stacking, and binding of the
SIMI resultant "book" may be envisioned, or more likely, simple cutting
Stacking and stacking will result in a sort of manuscript format which the

user may easily hawv bound or stapled, either mechanically or by a
quick-heat, paper-edge fusing process. Alternatively, the electrostatic
interim storage-recording media, of appropriate format, may be erased
or fixed in the manner latterly described.

Printers, as described above, will be capable of speeds exceeding
100,000 characters per second for text, or approximately one 500-
page book in ten seconds, plus perhaps an equal time for develop-
ment, fixing, and cutting. Such a book would average 60 symbols or
characters per line, 40 lines per page, on a 5x8 inch format.

Techniques will be implemented by many new devices, primarily
of solid-state nature.

Masers or lasers will be in widespread use in communications,
display, and recording.

Optical Communications lasers will be utilized as extremely wide-band,
MMs modulated oscillators for coherent and simultaneous radiation trans-

mission of as many as a million narrow-band messages (three kilo-
cycles per second). Band-width conservation will be a thing of the
past in utilizing wave lengths in the infrared and ultraviolet spec
trum. Lasers also will be utilized as repeaters in parametric amplifier
arrangements for long-haul transmission links through space or over
land.

As a communications transmitter, the high-power laser will be
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capable of line--sight tranmission, regardless of atmosphei on-
ditions, by proper selection of a carrier wave length with penetring
chacterdistic.

In display, culg of lower power levels will provde "writing"
light lemas for reflective or phshrset screen systems. Light

S~valve and scanning techniques presently emerging will enable on-
I ~line projection of laser beams in the visible (of invisible) spectrum

pufor direct viewing or secondesy excitation of ph;ephorscreen.
Uses of Glass fibers will be utiliced, not only in cathode oy devices, but

tass also as:
Fibers (1) optical wave guides for transmision of modulated coherent

(laster) radiation ovwt land hauls;
(2) "wires" coupling opto-electronic logic elements in com-

puter complexes;
(3) encoderdecoder devices for coded message processing or

transmission; and

Fiber (4) transmission screens for display purposes.
Optics In conjunction with lasers glass fibers offer a controlled environ-

ment for transmission of intelligence and will ultimately replace or
complement metalic transmission lines of the open wire, coaxial
cable, and wave-guide types

The high-temperature ductility of glass will allow inexpensive
manufacture in continuous lengths suitable for long "lines" similar
to present telephone open-wire systems. Ten thousand fiber diame-
ters on the order of tens to hundreds of microns each, with each
fiber supporting multiplexed transmission of millions of messages,
may be bundled together to form a single cable no more than 1
centimeter in diameter. "Insulation" in the form of glass "cladding"
minimizes crosstalk and reduces losses.

Light-wave Light-wave length, coherent transmission enables the use of
Length, glass transmission lines, which are far less costly than copper path
Coherent lines, both in material costs and in the number of messages per
Trnansmision "wire." Optical computer techniques, coupled with bionic logic and

integrated circuits, will utilize glass-fiber bundles for interconnections
and electro-optical decoding at sub-computer speeds by use of electro-
luminiscent-photoconductive elements. The use of fiber optics in
spatially coherent and incoherent bundles for image geometry trans-
formation, "scrambling," and electro-optical printing will be wide-
spread.

In addition to the integrated circuits which have been described,
solid-state devices will become basic components repeated in the
equipment circuitry throughout the library of the future:

1. Electroluminescent phosphorus, capable of emitting when
subjected to direct voltage (non-aternating) field$, may be driven
directly from computer output circuits.

Soid-State 2. Photoconductive crystals and other photosensitive cells, in
Devices molecular bond with electroluminescent devices, will form opto-

electronic logic elements for decoding to displays as well as the light-
emitting displays themselves.
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3. Ferroelectric crystals will be used to address and switch elec-
troluminescent-photo-conductive displays at higher speeds; crystals
will be grown, in a constrained fashion, to any shape, or formed by
other physical-chemical means.

4. Thin-film devices will perform as active circuit elements

analogous to vacuum tubes, transistors, etc., as well as passive ele-
ments such as r.sistors, capacitors, and inductors.

5. Cryogenic techniques will enable small specialized com-
ponents for use as inductors, memory elements, etc.

No discussion of the technologies pertinent to the library of to-
LmoltReng morrow would be complete without consideration of the role of long-
Communkctks, range, global communications. Intercontinental, intra-continental,

and local links will compose the library of the future's circulatory
system through which its life-blood will flow. The predication of
specialized national libraries, regional information centers, and re-
mote subscribers implies a continual and heavy flow of communica-
tion traffic. Inquiries may be of narrow-band nature, while return
response may require wide-band, higher-volume channels to reduce
delays.

In 1960, 3,700,000 transoceanic telephone messages were sent
over the trans-Atlantic submarine cable. It is predicted that 20 years
hence this number will increase to 100,000,000. Authorities in the
field of communications believe this is an exponential increase in
message volume which cannot be met except by orbital communica-
tions space satellites. Add to this the prediction that in 100 years
message volume may be hundreds of billions, and it becomes obvious
that the communications spectrum must open up into the light-wave
lengths to accommodate the multiplexing of millions of messages on
a single carrier wave, in addition to the use of iinc-of-sight vehicles.

Communications There will be two types of relay satellites: active repeaters and
Setllihi passive repeaters. Active repeaters will contain receiver-transmitter

equipment and be powered by solar-thermionic or nuclear-turbo-
electric energy sources for indefinite life. (It may even be possible
for manned maintenance space vehicles to periodically service satel-
lites, resulting in the eventual use of cheaper power sources.) In
general, this type of relay station will contain wide-band circuitry
and switching equipment and may be of the low-altitude (3,000-
10,000 miles) cycling type, or of the synchronous 24-hour type.

Cycling Cycling relay satellites, since they pas over given terrestrial re-
Role gions, will contain "handover" circuitry so that messages may be
l oteilit" transmitted through a series of such relay satellites until one is over

the appropriate terinal. Code format of the message correlated
Active with latitude-longitude "bookkeeping" systems will direct the ies-
Rempoers sages to the proper terminal.

Synchronous relay stations, manned or unmanned, will be ac-
tive, and because they will be in an equatorial orbit at an altitude
of 22,300 miles, will remain stationary and permit coverage of a plus
or minus 81 deg. latitude and, circumferentially, almost one half of
the earth's surface. Three such stations will permit communications
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between mst of the populated -was o the word, while the snuchm-

nous satellites will provide communications to now uncivli•d re-
gions (e.g., the poles) which may become highly developed in 100
years

Aksiv Th(l essatha l150 s will be arrit-ndde-abilized to permit use o highly
Stlebllation directional antennas, thetieby reducing required trnmsmitter power.

Pauive repeaters will be low-altitude satellites for short-range
Penwve (less than 1,500 miles) nanrow-band data tranmission. Since no ac-

Raep..?., tive devices will be aboard, these passive repeaters will take the form
of reflectors, which may be omni-rectional or quai-directional.
Metal-coated spheres, dipoles, etc., may make up sich devices.

The pasqive repeater may be used for short-term (a few minutes)
transmission of messages of an inquiry nature between not-too-dis-
tant regional information centers. Thus, properly abbreviated and
coded messages could help to reduce required transmitter power and
transmission time. Return transmission of the desired information
may be over the wide-band circuits of the active relay satellites or
synchronous station.

Mesa•s .Usit In order to estimate, on a message-rate basis, the cost to the user
Coats of such a system of space communications, some rather far-fetched

calculations and many assumptions must be made. The cost of about
nine rather short-lived vehicles for the Ranger satellite program (of
deep space and lunar probes) was approximately $200 million. It has
been estimated that a single 6-megacyde-circuit space satellite might
be built for between $50-100 million.

Without assuming too much about the status of costs in theSfuture, oecnpditthat a ytmof synchronous and cycling-
type communications satellites might cost several billion dollars, in-

cluding all the earth-based support equipment and development
required, but not including all terminal facilities, since these will be
dictated by growth of user-demands and regional development.

If the modest figure of ten billion data-phone meage units per
year is assumed, one can see that ten cents per message unit would
be a reasonable upper limt of cost which would amortize the cost of
the communications system, defray operating expense, and allow

Man" some margin of profit for commercial operation. One might define a
Unit message unit quite arbitrarily as equivalent to a three-minute tele-
Donned phone call over a 3-kilocycle band-width circuit (where greater utili-

zation is made of the Lind width), resulting in say, 2,500 bits per
second data rate.

This gives a figure of 180 aecondsx2500 bits per second, or a
little under 500,000 bits. As an example, a coded single page of text
might consist of perhaps 25,000 bits, so that 20 pages might be trans-
mitted for the cost of a single message unit. Thus, a 50p book
would cost about $2.50 to transmit, terminal to terminal. A painting
would require high fidelity, and a coded transmision of a color por-
trait might require 10,000,000 bits to describe it and cost $Z.00 to
transmit. Of course, these costs would vary depending upon the
speed of tranmuission required, special cryptoaphy, etc., and would
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not include other processing charges such as resmet, retrieval, dis-play, or printing.

It is obvious from the above that lower cost an predictedfo

the communications of the future. This prediction is largely based
on the expected increased volume of traffic and the lower cost of the
systems involved.

One of the many keys to the reduction of cost of communica-
tions, especially of visual data, will be a technique we might call
"Narrow-banded graphic communications." This technique will pro-
vide a closer aproach to non-redundant information tranmissim by
utilizing coding, spatial predictors, filters), and optical correlation.
The following examples illustrate the point.

"Nevm~w-Slaadod For transmission of text, it is obvious that electrical codes of a
Grqbk digital nature can reduce the information band-width channel (or
CommunicetoneW" time) of transmission required. Further reductions can be accom-

plished by utilization of non-ergodic symbology, such a shorthand,
standardization of language, and language compression in order to
reduce language redundancy itself.

Pictorial data offers a greater challenge to efficient transmission.
Here spatial redundancy plays a great part and may be overcome by 4
optical analysis.

A graphic analyzer composed of television-type camera tubes or
solid-state opto-electronic sensors might scan copy at a high rate in a
wide-band closed circuit. Ancillary computer circuits will measure
the number of optical (video) transitions on nn element-by-element
basis. Neuron-like or adaptive logic will then adjust an encoder for
optimum code format, as well as program the transmitter scanning de-
vice to "skip" areas where no information is present (blank spaces
between lines of text, lines on maps or charts, etc.) or where no
change of data has occurred.

Thus a page of text, a map, photo, slide, or painting may be im-
aged onto a scanner for an instant to "adapt" the logic circuits; then
transmission over narrow-band circuits may proceed, optimally cod-
ing the video data from the scanning pick-up device which will
ignore areas where no information exists. Automatic graphic analysis
and narrow-band coding and transmission will largely be employed
in the electronic information centers as a means to further reduce
the cost of communications media.

The The home library will contain a wall-hung television display of
Hom the reflective or electroluminescent type, which may be used both.
Libray for "live" entertainment and information as cathode ray tube dis-

plays are used now. In addition, other sub-systems, such as tape
recorders, audio equipment, etc., will be available in smewhat the
same setting as in today's high-fidelity audio-visul grouping.

SB w An additional unit might be a high-speed prunter incorporating
Costast a fiber-optics face-plate cathode ray tube for direct electrostatic con-

Printing tact printing on a six-inch web of photosensitive paper (paper cost:
approximately 100 mills per linear foot) developed and fixed by
powder toner or merely by a heating element. This unit would *ls



incorporate a character forming generator so that an ordinary or spe-
cial text might bc obtained in a manner similar to that in which one
might order a typewriter keyboard; maps, graphs, and pictorial dtta
may be obtained by switching out the character gene.rtor.

Such a device woold be an accessoy to the wall display which
would contain most of the necessary circuitry for synchronizing,
scanning, and modulating the printer.

Tape recorders of electrostatic or magnetic nature would be
wide-band for facilitating playback of "live" televisioa signals, as
well as audio through the wall display.

"Pronr,,rl..-..e," A "progran.iler" unit will be central to the entertainment-library
Unit grouping which will include manual selection, but priirlry -ill pro.

vide dccoding and control 4 the home smb-systems via the telephone
communications system.

Home All voice communications by telephone will be transcribed to
Dataphone diszital code so that each home will have a dataphone or digital sub-

set. By proper coding, an incoming call from a library information
center (in response to a request) will be decoded by the program-
mer to activate the equipment in the audio-visual grouping. Requests
may he made by telephone orally, by handwritten message image
onto a video pick up device on the phone, or by the typewriter-like
keyboard nF the telephone itself. Ir. any case, specii ajid video will
be digitally coded at the home, transmitted, ano then received and
decoded at the center, where speec or vido-recognition circuits will
process the data.

Catalog Response to requests for catalog search or bibliography might be
Search aptoratirally dialed into the home and, through control of the pro-
Through grammer, displayed on the wall display (over a wide-band circuit),
Home recorded on tape at slow rates for later home play-back on the wall
Dialing display over wide-band closed circuit, or printed onto paper for more

permanent use and storage. The programmer will contain limited-
memory or buffering circuits in addition to its coding, switching, and
control circuits.

This home library would be linked to all of the great informa-
tion centers of the world via alpropriate communications. Certainly
this concept rounds out the keynote of "availability."
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